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The  teat  program  described  In  this  report  la  long  and  complex.  When  one  be- 
comes Intimately  Involved  In  such  an  effort  for  a long  period  of  time,  aa  did  the 
author,  one  can  easily  over-ldenttfy,  to  the  point  where  supporting  roles  become 
obscured.  It  la  hoped  that  this  did  not  happen  here. 

Throughout  the  report  every  attempt  has  been  made  to  give  credit  to  others  for 
their  help.  The  number  of  people  and  organisations  who  rendered  assistance  to  the 
ALBS  program  was  so  great,  however,  that  a special  acknowledgments  section  Is 
In  order. 

First,  the  solid  and  continuous  encouragement  of  the  author's  parent  organisa- 
tion, AFOL,  la  acknowledged  with  gratitude  and  appreciation.  From  Col.  B.  S, 
Morgan,  Jr.,  Commander,  on  down,  there  was  a steady  and  timely  flow  of  re- 
sources, technical  assistance,  and  logistical  support  actions,  all  of  which  were 
vital  to  the  success  of  the  program.  Mr,  Thomas  Kelly,  Director  of  the  Aerospace 
Instrumentation  Division,  and  Mr,  James  Payne,  Chief  of  the  Balloon  Research 
Branch  were  particularly  helpful,  Mr,  Arthur  Otannetti  and  Sergeants  Gary 
Blanchard  und  George  Clement  of  the  Balloon  Instrumentation  Branch,  provided 
assistance  In  many  ways  In  addition  to  furnishing  the  sophisticated  UHF  TM/Control 
Pack.  Mr.  Thomas  Danaher  and  the  members  of  his  Balloon  Requirements  Branch 
were  understanding  and  generous  In  the  matter  of  balloon  flight  scheduling  (Includ- 
ing much  rescheduling)  and  the  allocation  of  needed  resources,  Mr,  James  F. 
Murphy  and  Mr,  Don  Maltacea  of  the  Operational  Services  Branch  made  substantial 
contributions  In  the  key  area  of  aircraft  flight  support,  and  rescued  the  program 
on  more  than  one  occasion  when  It  threatened  to  become  bogged  down,  Detachment  1, 
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AFGL,  at  Holloman  AFB,  played  a major  test  role,  as  described  In  Section  5 of 
this  report.  The  author  la  deeply  grateful  for  the  help  and  dedicated  support  of 
Major  Joseph  Koehly,  Detachment  Commander)  Captain  Michael  Wilson,  opera- 
tions Offlcerj  and  the  many  Det  1 noncommissioned  officers,  civilian  and  enlisted 
personnel  who  participated  in  the  extensive  preparations  for  and  the  conduct  of  the 
Holloman  AFB/WSMR  Balloon  Drop  Teat.  Mr.  Willis  Parsons  of  the  WSMJR  was 
of  Immense  help  during  the  arrangements  for  Range  support  and  his  assistance, 
also,  is  acknowledged  gratefully. 

The  Parachute  Test  Program  described  In  Section  4 could  not  have  been 
accomplished  without  the  active  and  willing  support  of  the  Air  Force  Flight  Test 
Center.  The  author  cannot  truly  express  his  gratitude  to  the  personnel  of  the 
(3511th  Teat  Squadron  of  the  AFFTC,  where  the  test  vehicle  design,  p-  aparatlon 
and  test  planning  activities  were  carried  out.  Squadron  support  of  the  program 
was  total  and  enthusiastic.  The  contributions  of  Mr.  Clifford  Marshall,  Chief 
Aerial  Delivery  Section,  and  of  his  engineers,  Mr.  Michael  Wuest,  L.t.  Warren 
Massey,  Mr.  Robert  Morrison,  wore  outstanding,  both  at  the  National  Parachute 
Teat  Range  and  in  connection  with  the  Holloman  AFB/WSMR  Balloon  Drop,  The 
efforts  of  the  (3514th  Test  Squadron  (AFFTC)  at  Hill  AFB  are  also  acknowledged 
with  gratitude  here.  The  ALBS  test  program  at  the  NPTR  necessitated  many  long 
missions  for  the  flight  crews  of  that  Squadron.  In  addition,  the  author  was  deeply 
impressed  by,  and  Is  very  gratful  for  the  support  furnished  by  the  Navy  and  Bell 
Aerospace  personnel  at  the  NPTR.  The  pilots  and  photographer's  mates  who  made 
possible  the  spectacular  air-to-air  motion  picture  coverage  of  the  test  flights  did 
a superb  job.  The  Range  TM  and  photograph  coverage  was  also  excellent  and  inval- 
uable for  Interpreting  teat  events. 

A central  element  In  plans  for  the  test  program  was  the  availability  of  a suit- 
able flight-weight  cryogenic  unit,  The  role  played  by  the  Cryogenics  Division  of 
the  National  Bureau  of  Standards  In  Boulder,  Colorado  In  this  matter  was  magnifi- 
cent. It  Is  really  difficult  to  express  adequately  the  appreciation  felt  by  the  author 
towards  Mr.  Charles  Slndt  of  the  NBS  for  his  contributions  to  the  program.  The 
wholeheated  support  of  the  entire  Cryogenics  Division  Is  an  Important  consideration 
here  and  is  noted  with  profound  thanks. 

A special  note  of  thanks  Is  due  to  Miss  Margo  Cross  of  the  Aerospace  Instru- 
mentation Division  for  her  valiant  struggle  to  produce  a legible  manuscript  from 
the  author's  rough  notes,  and  to  Mr.  Ed  Brennan  of  the  Mechanical  Engineering 
Branch  for  his  assistance  in  the  preparation  of  Figure*  15,  21,  and  22, 
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Flight  T«sts  of  tho  Air-Launched 
Balloon  System  (ALBS)  Prototype  Model 
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1.  INTRODUCTION 


This  la  the  fourth  and  final  technical  report  on  work  performed  under  AFQL 
In-House  Work  Unit  (IHWU)  06651101  "Air-Launched  Balloon  Techniques."* 

In  the  flrat  report,  there  was  a generalized  dlsouaalon  of  method*  for  Inflating 
free  balloons  In  midair  following  their  deployment  from  a cargo  aircraft  or  from  a 


high  altitude  rocket.  That  report  concluded  that  systems  employing  such  methods 


are  capable  of  being  developed  and  of  satisfying  several  Important  military  needs. 
The  second  report2  surveyed  various  kinds  of  Llghter-thsn-Alr  (LTA)  vehicle.) 


which  might  serve  as  high  altitude  communications  relay  platforms,  discussing 
operational  advantages  and  disadvantages,  and  highlighting  certain  technical  con- 
siderations. it  also  reported  progress  on  the  Air  Launched  Balloon  System  (ALBS) 
development  program,  well  under  way  by  then,  which  promised  to  yield  a useful 
LTA  communications  relay  platform, 


(Received  for  publication  22  March  1678) 


IHWU  60651101  was  officially  terminated  on  30  September  1977.  Work  performed 
on  the  ALBS  program  subsequent  to  that  date  was  under  successor  IHWU  78591101, 
same  title. 


1. 


Carten,  A.S.,  Jr.  (1873)  An  Inv 
Balloon  Systems  From  Air 


flrcra 


ton  of  Techniques  for  Li 


or 


hniaui 

ockeis  in  Flight,  A 


Carten,  A.S. , Jr,  (1974)  An  Investigation  of  the  Applicability  of  High  i 
Lltfhter-Than-Alr  (LTA  JJ  ' ‘ " 


The  third  report  explored  theoretically  the  dynamics  of  the  ALBS  midair 
deployment  sequence,  and  outlined  the  proof-of-concept  flight  teats  proposed  both 
to  verify  those  dynamics  and  to  determine  system  feasibility. 

This  fourtn  report  covers  the  flight  testa  actually  carried  out  on  the  ALBS 
prototype  system,  starting  with  teats  on  system  mock-ups  to  qualify  the  parachute 
subsystem  and  ending  with  the  balloon  drop  teat  of  the  complete  prototype  model, 

2.  BACKGROUND 

2.1  Baiio  Requirement 

The  Air-Launched  Balloon  System  (ALBS)  under  development  at  AFGL  la  aimed 
principally  at  the  requirement  for  a quick-reaction  capability  to  put  a lighter -than- 
alr,  tactical  communications  relay  platform  Into  position  at  high  altitudes.  Such  a 
requirement  Is  called  out  In  TAC  ROC  305-73  entitled,  "A  Satellite  Airborne 
Communications  Relay  System  for  Tactical  Air  Forces. " 

For  the  purposes  of  the  test  program  reported  on  here,  It  was  envisioned  that 
the  packaged  ALBS  would  be  extracted  from  a C-130  aircraft  at  25,  000  ft  f\  02  km), 
When  the  system  was  properly  deployed  in  midair  by  a tandem  parachute  array, 
the  stored  ALBS  balloon  would  be  extended  vertically  and  filled  from  an  attached 
helium  storage  unit.  The  inflated  balloon  would  then  carry  the  communications 
relay  (approximately  200  lb  (890N))  to  Its  assigned  altitudo  70,  000  ft  (21, 34  km)) 
while  the  Inflation  hardware  floated  to  the  ground  (see  Figure  1), 

2.2  Previous  Development  History 

In  tho  report  entitled  "An  Investigation  of  Techniques  for  Launching  Large 
Balloon  Systems  for  Aircraft  or  Rockets  tn  Flight,  " AFCRL-TR-73-0H33,  It  was 
proposed  that  a cryogenic  gas  storage  and  heat  transfer  subsystem  be  used  In  the 
ALBS  to  overcome  the  severe  weight  penalties  associated  with  conventional  com- 
pressed gas  storage  cylinders,  Following  the  publication  of  that  report,  the  Cryo- 
genics Division  of  the  National  Bureau  of  Standards  INBS),  Boulder,  Colorado, 
carried  out  experimental  research  In  support  of  the  ALBS  progrnm,  an  effort  which 
led  to  the  design  and  fabrication  of  a heavy  ground-based  prototype  cryogenic  stor- 
age and  heat  transfer  unit.4  This  prototype  used  a hot  packed-bed  aluminum  oxide 
(AljOj)  heat  exchanger  to  gasify  a predetermined  quantity  of  liquid  helium  and  to 


3,  Carton,  A.S.,  Jr,  (1975)  The  Flight  Test  Aspects  of  the  Alr-Launohed 
" tern  Development  “ 


4,  Slndt,  C.F. , and  Parrish,  W.R.  (187R)  A System  for  Inflating  a Balloon  Uslns 
Helium  Stored  tn  the  Liquid  Phase,  AFCffL-TK -7(l-PmTmgB 
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Figure  1.  A LBS  Air-Launched  Balloon  System  (ALBS)  Drop 


warm  the  Ran  to  a suitable  temperature  <2fl0c  K,  average)  for  rilling  a balloon.  It 
wan  successfully  demonstrated  In  July  1075  at  Boulder,  when  a tled-down  balloon 
was  filled  with  approximately  10,000  ft''  ( 2 B U in'')  of  gaseous  helium  In  less  than 
7 min.  In  November  of  the  same  year  It  was  used  or.  the  ground  at  Holloman  AFB, 
New  Mexico,  to  Inflate  a 145,  000  ft'*  (410(i  :vi  ) balloon  which,  upon  being  released 
carried  a payload  of  300  lb  ( 1.334.  4N)  to  75,000  ft  (22.  80  km).  This  was  the  first 
known  flight  of  a large  balloon  Inflated  directly  from  a cryogenic  source. 

With  the  basic  development  tests  of  the  cryogenic  unit  successfully  accom- 
plished, the  way  was  opened  for  flight  tests  of  the  complete  system,  that  Is,  the 
dropping  of  the  ALBS  "module"  or  "package"  from  a suitable  vehicle  at  the  envis- 
ioned operational  altitude,  25,  000  ft  (7(120  m)  followed  by  midair  Inflation  of  the 
system's  balloon,  Such  a teat  had  to  be  conducted  to  demonstrate  system  feasibil- 
ity, but  it  was  clear  from  the  start  that  It  would  be  an  ambitious  undertaking.  A 
special  balloon  had  to  be  designed  and  procured,  a flight-weight  version  of  the 
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demonstration  cryogenic  gas  storage  and  heat  transfer  subsystem  had  to  be  con- 
structed and  the  complicated  parachute  subsystem  had  to  be  tested  and  qualified. 

Despite  the  known  problems,  plans  were  initiated  in  December  1075  for  the  flight 
3 

teat  program, 

Early  in  the  test  planning  process  it  was  decided  that  the  initial  drop  vehicle 

for  the  demonstration  ALBS  module  would  be  a scientific  balloon,  even  though  the 

ALBS  was  intended  for  eventual  deployment  from  an  aircraft.  This  decision  was 

3 

prompted  by  several  considerations,  but  the  overriding  factor  was  the  design 
chosen  for  the  prototype  flight-weight  cryogenic  unit,  That  design,  which  had  been 
dictated  by  project  funding  and  time  constraints,  was  adequate  for  a balloon  drop 
but  did  not  meet  the  standards  required  of  equipment  carried  aboard  Air  Force 
aircraft.  Thus,  the  planned  tests  had  to  be  viewed  as  proof-of-concept  testing, 
with  the  understanding  that  additional  drops  from  a C-130  transport  would  be  con- 
ducted at  a later  date,  using  a third  aircraft-qualified  version  of  the  system. 

With  the  basic  thrust  of  the  test  program  thus  established,  construction  of  the 
flight-weight  (balloon -qualified)  version  of  the  cryogenic  unit  was  begun  in  the 
spring  of  107G  by  the  NBS.  (See  Figure  2 for  a view  of  the  completed  unit,  less 
superstructure. ) The  special  balloon  design  needed  for  midair  inflation  was  worked 
out  at  AFC1L  and  an  order  was  placed  for  three  balloons  Incorporating  this  design. 
The  parachute  subsystem  then  became  the  item  of  major  concern.  Its  Importance 
lay  in  the  key  role  it  was  to  play  both  In  the  aerial  deployment  of  system  compo- 
nents, and  In  the  extraction  of  the  folded  balloon  Trom  its  container, 

Many  computations  had  been  carried  out  by  the  author  to  arrive  at  a preferred 
parachute  subsystem  which  ooiild  employ  available  standard  parachutes.  Although 
these  computations  were  based,  for  the  most  part,  on  standard  parachute 
formulas,  there  were  some  assumptions  Involved  which  required  verification  by 
actual  test,  It  was  imperative  that  the  selected  design  be  proven,  using  dummy 
units,  prior  to  risking  the  expensive  cryogenic  unit  in  the  balloon  drop  test.  With 
this  consideration  in  mind,  negotiations  were  undertaken  in  the  summer  of  1076 
with  the  Air  Force  Flight  Test  Center  (AFFTC)  for  ALBS  parachute  subsystem  test 
support.  They  resulted  in  the  establishment  of  a flight  test  program  at  the  National 
Parachute  Test  Range  (NPTR),  El  Centro,  CA  under  the  auspices  of  the  (1511th  Test 
Squadron,  with  aircraft  support  from  the  6514th  Test  Squadron  at  Hill  AFB,  Utah. 
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Preparations  for  the  parachute  teat  program  were  begun  at  El  Centro  In  the 

A 

fall  of  1976,  but  actual  teat  flights  did  not  get  underway  until  February  1677,  They 
continued  through  October  1677  and  were  followed  by  the  balloon  drop  test  at 
Holloman  AFB  in  January  1978,  The  results  of  these  flight  teats  constitute  the 
bulk  of  this  report, 

2.8  Aircraft  Test  Impact 

During  the  time  period  covered  by  the  flight  testa,  a gradual  shift  In  emphaats 
occurred  in  the  ALBS  development  program.  At  the  start,  the  stress  was  on  the 
balloon  drop  teat  aspects,  while  the  aircraft -oriented  parachute  subsystem  testa 
were  perceived  as  having  an  Important  but  secondary  impact  on  overall  system 
plans.  Then,  as  the  tests  proceeded  at  the  NPTR,  a role  reversal  took  plaoe.  The 
experience  gained  from  aerial  deployments  of  the  dummy  system  from  C-130  air- 
craft pointed  up  several  Inadequacies  tn  the  original  system  design,  These  ranged 
from  poorly  chosen  components  and  unsuitable  Interfaces  between  subsystems  to 
the  omission  of  needed  hardware  Items.  As  a result,  the  configuration  of  the  pro- 
totype to  be  dropped  from  a balloon  was  refined  and  improved  considerably  over 
that  described  tn  the  third  report.  3 (That  report,  Incidentally,  had  predicted  this 
Improvement  process, ) 

The  alroraft  drops  at  the  NPTR  also  Introduced  a major  change  In  the  approach 
Initially  adopted  for  the  ALBS  flight  test  program.  Originally,  only  a dummy  ALBS 
balloon  was  to  be  extracted  (extended  Tor  midair  Inflation)  at  the  NPTR.  Real 
balloon  extractions  were  to  oocur  later,  in  preliminary  balloon  drops  at  Holloman 
AFB.  (Those  drops,  which  would  not  Include  the  cryogenic  unit,  were  to  be  dress 
rehearsals  for  the  oructal  "live"  drop,  also  at  Holloman,  In  which  the  cryogenic 
untt  was  to  be  deployed  for  the  first  time. ) As  things  turned  out,  It  proved  both 
feasible  and  highly  advantageous  to  prolong  the  NPTR  tests  to  Include  real  ALBS 
balloon  extractions  and  even  to  attempt  partial  balloon  Inflations.  Consequently, 
the  soheduled  preliminary  balloon  drops  at  Holloman  AFB  were  cancelled,  and  the 
remaining  live  drop  was  rescheduled  for  a later  date. 

Ter,t  data  obtained  from  the  flights  involving  real  balloon  extractions  at  the 
NPTrt  were  most  helpful  tn  eliminating  uncertainties  associated  with  the  balloon 


l|l 

The  881 1th  Teat  Squadron  had  begun  construction  of  a test  vehicle  tn  which  the 
simulated  payload  would  be  plaoed  at  the  apex  of  the  main  canopy,  along  with  the 
packed  balloon,  Then,  in  December  1976,  the  decision  was  made  at  AFOL  to  put 
the  payload  at  the  base  of  the  main  chute,  thus  causing  a delay  for  redesign  and 
reconstruction  of  the  test  vehicle,  (See  the  addendum  to  the  third  report”  for  the 
rationale  behind  the  decision, ) Although  this  decision  solved  a pressing  technical 

Croblem,  It  necessitated  the  carrying  of  the  collapsed  main  chute  to  altitude  after 
alloon  Inflation,  This,  In  turn,  reduced  available  payload  weight  significantly, 
(See  paragraph  8.  4. ) 
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drop  which  was  to  take  place  at  Holloman  AFB.  The  aerial  delivery  program  at 
the  NPTR  had  a further  beneficial  effectt  It  provided  the  author  and  those  support- 
ing him  a large  amount  of  "hands-on"  experience  with  ALBS  aerial  deployment 
hardware  and  techniques  under  semioperatlonal  conditions.  With  this  experience, 
it  became  possible  to  plan  with  confidence  for  the  construction  and  test  of  the 
follow-on,  aircraft -qualified  cryogenic  unit. 


8.  ALBS  PROTOTYPE  TEST  CONFIGURATION 

8.1  Initial  Version 

At  the  start  of  the  flight  test  program,  the  envisioned  ALBS  prototype  conftg- 
uratlon  was  as  described  In  the  third  report  and  its  addendum,  It  consisted  ofi 

(a)  A flight-weight  cryogenic  unit  (Figure  2) 

(b)  A special  188,  QOO-ft3  (4478-m3)  balloon  (Figure  3)  and  its  associated 
container 

(c)  A lightweight  3 2 -ft  (9.  8 m)  ring  slot  upper  or  "drogue"  parachute 

(d)  A 42 -ft  (12.  8 m)  ring  sail  lower  or  "main"  parachute 

(e)  A 200-ft  (81  m)  extension  line 

(f>  A simulated  electronics  payload,  and  various  items  of  command  and 
control  equipment. 

(Notei  Details  of  the  Interface  between  the  parachute  subsystem  and  the 
cryogenic  unit  had  not  adequately  been  worked  out  In  the  third  report.) 

8.2  Psrechule  Subsystem  Test  Configuration 

3.2.1  GENERAL  CONSIDERATIONS 

A series  of  about  li  flight  teats  at  the  NPTR  had  been  agreed  upon  between 
AFGL  and  the  AFFTC.  The  objective  was  to  show  that  the  configuration  described 
above  was  feasible)  that  Is,  that  the  chosen  parachute  system  was  capable  of  being 
launched  from  a C-130  aircraft  and,  once  launched,  was  capable  of  deploying  the 
balloon  In  midair  for  inflation.  The  tests  were  to  be  conducted  Initially  at  10,  000  ft 
to  allow  for  crew  familiarization  with  Ihe  system,  Tests  at  28,  000  ft  would  follow 
this  initial  phaso. 

The  first  problem  facing  the  0811th  Test  Squadron,  in  conducting  tests  of  the 
ALBS  parachute  subHyHtem,  was  to  design  an  aircraft-droppable  test  vehicle  which 
• adequately  simulated  the  above  configuration  Including  those  parts  which  were  not 

actually  to  be  used  at  the  NPTR.  (The  cryogenic  unit,  the  electronic  payload  and 
the  ALBS  balloon  were  the  most  readily  identifiable  components  In  this  category. ) 
The  simulation  was  to  be  as  realistlo  as  possible  with  regard  to  weight,  volume, 
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length  and  any  other  characteristics  essential  to  parachute  system  performance. 
Moreover,  the  test  vehicle  had  to  store  the  paoked  main  chute  and  simulated 
balloon  Internally  until  they  were  to  be  deployed.  At  the  proper  staging  operation, 

It  had  to  permit  rapid  and  positive  extraction  of  these  oomponents, 

The  resulting  test  vehicle  was  a cubical  wooden  box  open  at  the  top.  Four  ft 
<1. 22  m)  to  a side  and  framed  In  heavy  angle  Iron,  It  weighed  approximately  065  lb 
(2958N)  empty,  A heavy  lead  plate  weighing  363  lb  (1624N)  was  added  to  bring  It 
up  to  full  system  weight,  (See  Figures  4 and  3 and  also  footnote  * on  page  94 
with  regard  to  use  of  Newtons  (N)  to  note  weight  In  the  metric  system. ) 

Notei  The  6311th  Test  Squadron  has  prepared  a technical  report8  on  the  test 
vehicle  and  the  ALBS  subsystem  tests.  This  report  will  defer  to  the  6311th  T.  S. 
report  wllh  respect  to  details  of  box  construction  and  rigging,  and  will  present  only 
that  Information  essential  to  the  purposes  of  this  report, 

3.2.2  LOAD  EXTRACTION  AND  DEPLOYMENT  STAGES 

The  launch  of  the  6311th  Test  Squadron's  ALBS  test  vehicle  from  a C-130  air- 
craft and  the  subsequent  deployment  of  the  system  components  was  planned  as  a 
3-stage  operation  (see  Figure  6),  The  first  stage  was  to  be  the  load  extraction 
(that  is,  the  pulling  of  the  teat  vehicle  from  the  aircraft  horizontally)  and  the  tran- 
sition to  a vertloal  attitude.  The  second  stage  was  to  be  the  deployment  of  the  42 -ft 
(12.  8 m)  main  chute,  200  ft  (61  m)  beneath  the  drogue  chute.  The  third  stage  was 
to  be  the  extraction  of  the  simulated  balloon  from  Its  container  on  top  of  the  open 
main  chute  and  the  full  extension  of  that  balloon,  as  would  be  required  far  midair 
inflation.  Thts  third  stage  was  to  be  accomplished  through  the  drag  forces  exerted 
on  the  paoked  balloon  by  the  32 -ft  (9.  8 m)  drogue  chute. 

3.2.3  INADEQUACY  OF  THE  32-FT  (9.  6 m)  DROOUE  CHUTE 

To  reduce  system  complexity,  the  drogue  chute  was  chosen  to  act  also  as  the 
load  extraction  chute,  a role  which  subjects  the  drogue  to  high  loading  forces.  In 
this  case,  the  force  was  taken  to  be  approximately  10,  000  lbf  (44,  480N),  a value 
slightly  on  the  high  aide.  (Actual  calculations  are  contained  in  Appendix  A).  There 
was  some  question  at  the  start  about  the  ability  of  the  32 -ft  light-weight  ring -slot 


The  lead  ballast  and  the  massive  structural  members  of  the  cubical  box  simulated 
the  weight  of  the  cryogenic  unit,  but  being  very  dense,  they  did  not  truly  simulate 
Its  volume  characteristics.  This  discrepancy  was  considered  unimportant  with 
regard  to  parachute  system  qualification  testing, 

In  the  deployment  of  the  real  balloon  In  a live  operation,  there  would  be  additional 
stages j the  filling  of  the  balloon,  the  cutting  away  of  the  drogue,  the  dropping 
away  of  the  cryogenic  unit,  etc,  (See  Figure  1, ) In  the  NPTR  tests,  the  plan  was 
to  take  the  operation  only  through  the  first  three  stages,  as  described  above. 


“Massey.  W. 
TR  -77-42 


W.,  and  Wuest,  M.  (1976)  The  Air  Launched  Balloon  System,  AFFTC- 
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Figure  4.  Flight -ready  A LBS  Tost  Vehicle,  In  Hori- 
zontal Attitude,  With  Packed  28 -ft  Drogue  Chute  at  Top 


chute  to  withstand  such  forces.  The  (1311th  T.  S,  had  only  limited  experience  with 
tills  parachute  as  a loud  extraction  chute.  It  was  selected  for  the  A DBS  tests  pri- 
marily to  accommodate  the  author's  desire  for  a drogue  chute  of  specific  drag 
characteristics,  Ills  chief  concern  was  with  the  drag  force  needed  to  allow  the 
drogue  chute  to  pull  the  folded  ALBS  balloon  from  its  container  un  top  of  the  main 
parachute  and  with  the  dynamic  pressure,  "q, " which  the  exposed  balloon  would 
experience,  Calculations  showed  that  the  32 -ft  ring  sail  drogue  chute,  when  de- 
ployed above  the  42-ft  main  chute,  would  easily  provide  both  the  needed  minimum 
drag  force  and  the  desired  q of  0.  3-1,  0 psf  (23,  04  - 47.  88  N/m^),  (See  Appendix  B, ) 
In  evaluating  the  32 -ft  drogue  chute  for  the  additional  load  extraction  role,  the 
Squadron  relied  on  a previous  test  where  this  chute  had  successfully  withstood  an 
extraction  force  of  11,  400  lbf  (30,  707N).  Thus,  even  though  the  true  operating  load 
range  of  the  32 -ft  chute  was  not  known,  it  seemed  reasonable  to  employ  It  In  an 
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extraction  where  the  expected  force  wee  at  leaat  1400  lbf  ( 6227N)  lean  than  exper- 
ienced  earlier. 

3.  3.  4 THE  FIRST  ALBS  DROP  TEST  (TEST  NO.  1) 

The  first  extraction  of  the  test  vehiole  from  a C-130  took  place  over  the  NPTR 
on  3 February  1977.  The  aircraft  was  at  10,  000  ft  (3048  m>,  flying  at  an  equivalent 
airspeed  of  130  knots.  (True  airspeed  « 395.  9 ft/seo,  77, 88  m/sec).  * Within 
seconds  of  the  load  extraction,  the  suspension  lines  of  the  33-ft  chute  failed  and  the 
chute  separated  from  the  load.  In  the  resulting  free-fall  to  the  desert  floor  the 
test  vehiole  was  damaged  beyond  repair  (see  Figure  7),  thus  Introducing  more  than 
a months'  delay  Into  the  program  for  rebuilding  of  the  test  vehiole,  (The  rebuilt 
teat  vehicle  was  aotually  ready  for  flight  by  midMaroh.  Aircraft  maintenance  prob- 
lems delayed  the  resumption  of  the  test  program  by  another  two  weeks,  however. ) 


Figure  7.  Destroyed  ALBS  Test  Vehicle,  Test  No.  1 


True  airspeed  here  U obtained  by  dividing  the  aircraft's  equivalent  airspeed 
<e.  a,  s, ) in  knots  by  the  squaro  root  of  the  density  ratio  (p  /p0  or  a)  for  the  altitude 
at  which  the  aircraft  is  flying  and  by  multiplying  the  result  by  the  appropriate  con- 
version factor  for  ft/sec  or  m/sec,  For  example,  let  e.a.s.  equal  130  kt, 
altitude  « 10,  000  ft,  o * 0,  73859,  True  airspeed  » 130//.  73859  X 1.  689  » 355.  5 
ft/seo  (77.  88  m/sec). 
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On  the  2 February  flight,  the  teat  vehicle  had  been  equipped  with  atrain  gaugea 
to  measure  parachute  foroea  at  load  extraction  and  at  main  ohute  deployment. 

Deaptte  the  drogue  chute  failure,  a measurement  of  the  peak  extraction  force  was 
obtained:  10,  240  lb,  which  waa  aomewhat  higher  than  the  expected  foroe,  10, 000  lbf. 
Moreover,  the  actual  opening  time  was  measured  at  0. 88  aeo,  which  should  have 
led  to  a load  more  on  the  order  of  8,  000  lb,  (The  reason  for  the  discrepancy  was 
not  established, ) 

Post -flight  examination  of  the  drogue  chute  revealed  that  the  failure  had 
occurred  In  those  portions  of  the  suspension  lines  near  the  aktrt  which  had  been 
dyed  black  approximately  one  year  earlier.  (The  purpose  of  the  dye  at  that  time 
was  to  enhance  photographic  contrast  so  that  fllma  of  the  chute  opening  sequence 
could  better  portray  the  aotlon  at  the  aktrt.)  On  the  day  following  the  teat  failure, 
tensile  strength  testa  were  conducted  on  both  dyed  and  nondyed  portions  of  the  re- 
covered lines.  They  showed  that  a marked  deterioration  tn  the  breaking  strength 
of  the  lines  had  taken  place  in  the  dyed  areaa,  and  that  the  load  capacity  of  the 
chute  had  been  seriously  degraded.  (The  specified  breaking  strength  of  the  lines 
was  850  lbf  (3446N)t  the  measured  breaking  strength  of  the  dyed  samples  was  only 
>412  lbf  (1833N)i  nondyed  samples  broke  at  or  near  the  specified  load. ) 

This  failure  tncrtmlnated  the  dyed  suspension  lines,  of  course,  but  It  did  not 
bring  Into  question  the  capacity  of  the  32-ft  ohute  when  not  so  treated,  Even  so,  It 
Instilled  an  attitude  of  caution  In  this  regard.  It  was  decided,  therefore,  that  the 
next  load  extraction  test  would  not  only  feature  new,  undyed  and  stronger  suspension 
lines  on  the  33 -ft  ohute,  but  also  would  have  that  chute  reofed  50  percent  Tor  0 sec 
before  rull  opening,  a feature  designed  to  reduce  the  load  extraction  force  consid- 
erably. Moreover,  the  test  would  be  conducted  first  with  an  Inert  bomb  whose 
weight  matched  that  of  the  test  vehicle.  Under  this  arrangement,  chute  capability 
would  bo  demonstrated  before  deployment  of  the  actual  test  vehicle,  and  If  the  chute 
failed  again,  rebuilding  of  the  test  vehicle  would  not  bo  required. 

3,  2.  5 TEST  NO.  2 

On  20  March  1877,  the  0130  took  off  from  El  Centro  with  two  loads  on  boardt 
an  Inert  bomb  and  the  rebuilt  A UBS  test  vehicle.  Both  were  equipped  with  rein- 
forced, undyed  reefed  3 2 -ft  (9,  8 m)  chutes.  The  bomb  was  extracted  first,  from 
an  altitude  of  10,  000  ft  (3048  m)  (e,  a,  s,  130  kt).  The  32-ft  chute  failed  immediately 
and  catastrophically.  The  virtually  free-falling  bomb  buried  Itself  In  the  desert. 
Needless  to  say,  the  C-130  returned  to  the  base  with  the  ALBS  test  vehlole  still  on 
board. 

This  time  the  failure  was  In  the  canopy  apex  area  (see  Figure  8).  High  speed 
motion  picture  films  showed  that  It  had  been  triggered  by  an  unexplained  premature 
activation  of  the  reefing  line  cutter  after  1 sec.  The  canopy  "blew"  when  the 
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Figure  8,  32* ft  Drogue  Chute  With  Apex  Area  Blown  out 


parachute  went  from  50  percent  open  to  fully  open  before  the  system  had  decelerated 
■ ignlflcantly.  Even  ho,  the  chute's  Inadequacy  was  clear  to  all  concerned. 

After  engineering  dlacuiialana  between  the  author  and  members  of  the  Squadron, 
It  waa  decided  to  abandon  the  32-ft  (0.  8 m)  lightweight  ring  alot  chute  In  favor  of  a 
heavier  UH-ft  (8.  53  m)  ring  elot  extraction  chute  routinely  uaed  by  the  squadron  and 
by  Air  Force  and  Army  operational  elements.  (Parachute,  cargo,  extraction  28-ft 
FSN  1070-00-887-5489).  It  hae  a rated  load  capacity  of  greater  than  25,  000  lbf 
(1. 112  X 10*  N),  This  substitution  reduced  the  amount  of  drag  available  for  pulling 
the  balloon  out  of  Its  container,  and  IncrcnHed  the  q (dynamic  pressure)  that  the 
balloon  would  experience,  but  It  wan  a necessary  move  to  get  beyond  the  first  step 
of  the  ALBS  deployment  process, 

Table  B2  of  Appendix  B shows  the  calculated  values  of  area,  drag  and  dynamic 
pressure  for  the  28-ft  drogue  chute  and  42 -ft  main  chute  combination.  It  Indicates 
that  the  maximum  calculated  drag  at  the  drogue  (302,  09  lbf,  1013.  2N)  Is  almost 
exactly  equal  to  the  minimum  required  value  (302  lb,  1010.  2N),  while  the  dynamic 
pressure  (1.071  psf,  51.28  N/m2)  Is  just  slightly  above  the  upper  limit  of  the 
specified  range  for  q.  These  values  Indicate  a possibly  marginal  extraction  cap- 
ability and  a higher-than-doHlred  force  per  unit  area  on  the  balloon  film.  As  later 
events  showed,  however,  the  disadvantages  cited  for  the  smaller  diameter  chute 
were  of  less  consequence  than  had  been  feared. 
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3.  2,  tf  FINAL  PARACHUTE  SYSTEM  TEST  CONFIGURATION 
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The  decision  to  use  a 2tt-ft  drogue  chute  restored  the  test  program’s  momen- 
i turn  nnd,  In  the  long  run,  proved  to  be  a good  move.  It  fixed  the  system  paiuohute 

i1!  . sizes  and  all  subsequent  tests  were  conducted  with  a 28-ft  drogue  chute  and  a 42 - ft 

| main  chute,  As  the  tests  proceeded  some  changes  were  required  In  minor  system 

components  (break-ties,  line  cutting  devices,  etc)  which  are  covered  In  detail  In 
| ■ the  881  lih  Test  Squadron  report5  and  are  mentioned  briefly  In  this  report.  Fig- 

ures Oa  and  Ob  show  major  details  of  the  parachute  system  test  configuration  In  the 
flmt  and  second  stages  ot  deployment. 

3, 9 Balloon  Drop  Teit  Configuration  (Preliminary  Dlnnmlon) 

3.3. 1 A DIFFERENCE  IN  REQUIREMENTS 

1 

The  NPTR  parachute  system  test  configuration  discussed  above  was  selected 
to  meet  u more  limited  set  of  requirements  than  that  of  the  drop  test  planned  for 
Holloman  AFB,  where  a carrier  balloon  would  be  the  platform  from  which  the  ALBS 
module  Is  dropped,  In  order  to  verify  the  dynamics  of  both  the  parachute  deploy- 
ment and  the  ALBS  balloon  extraction  steps,  It  was  not  necessary  to  Inflate  the 
ALBS  balloon.  Hence,  a dummy  ALBS  balloon’1'  could  be  employed  In  the  NPTR 
tests  as  long  as  It  simulated  the  length  nnd  linear  weight  distribution  of  the  real 
ALBS  balloon  In  the  packed  nnd  extended  states,  Moreover,  there  was  no  require- 
ment to  separate  the  dummy  balloon  from  the  parachute  system  during  the  NPTR 
testa,  even  though  this  Is  a major  requirement  when  the  ALBS  balloon  Is  actually 
Inflated  (as  would  be  attempted  In  the  Holloman  test),  The  consequence  of  thlM 
difference  In  requirements  was  that  the  NPTR  system  test  configuration  could  not 
be  used  directly  in  the  Holloman  carrier  balloon  drop  test,  This  Is  not  to  mtnimlzu 
Its  Importance,  however.  The  NPTR  system  test  configuration  did  precisely  what 
It  was  meant  to  do  by  qualifying  the  basic  parachute  system  design.  In  addition, 

I It  provided  the  engineering  foundation  for  the  configuration  actually  adopted  for  the 

I carrier  balloon  drop  test. 


ITo  simulate  the  reel  ALBS  balloon,  which  weighs  200  lb  (886,  ON)  and  is  102  ft 
„ (31  m)  long,  a dummy  balloon  was  constructed  of  a double  thickness  of  0-ply 

Type  XXVI  Nylon  riser  material,  The  reasoning  here  was  that  If  the  drogue 
chute  could  successfully  pull  this  line  up  from  its  container  at  the  apex  of  the 
main  chute  and  extend  it  vertically  to  Its  Rill  length,  the  balloon  extraction  capa- 
, blllty  of  the  drogue  chute  would  have  been  amply  demonstrated.  (The  effect  of  the 

dynamic  pressure  on  the  real  balloon  film  would  have  to  be  ascertained  at  a later 
date  when  the  balloon  Itself  would  be  extracted. ) 
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28  FT  RING  SLOT 
DROQUE  CHUTE 


18T  STAGE  SUSPENSION  LINES 


RADIOPLANE  RELEASE 
NO.  1 (RR1) 


RADIOPLANE  RELEASE 
NO.  2 IRR2I 


PACKED  ALBS  BALLOON 
PACKED  42  FT  CHUTE 
CRU8HABLE  PADDING 


200  FT  EXTENSION  LINE 


20,000  LB  STRAIN  LINK 
LARGE  CLEVIS 


2ND  STAOE  DEPLOYMENT  LINE 


IB.000  LB  LINKS 
12  EA.  CORNERI 


ALBS  TEST  VEHICLE 

TM  BOX 


Figure  9a.  Parachute  System  Test  Vehicle,  First  Stage  Configuration 
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48  PT  RING  SAIL. 
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CHUTE  CENTER  LINE 


BOOO  LB  STRAIN  LINK 
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2ND  8TAGE  DEPLOYMENT  LINE 


SMALL  CLEVIS 


■ INFLATION  HOSE  IN 
COTTON  SLEEVE 


-ADAPTER  ASSEMBLY 


ALBS  TEST  VEHICLE 


Figure  9b,  Parachute  System  Test  Vehicle,  Second  Stage  Configuration 
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3.3.  2 ADDED  FEATURES 


The  carrier  balloon  drop  teat  configuration,  which  Incorporates  a number  of 
additional  features,  is  described  in  detail  in  Section  5.  It  is  believed  that  the 
reader  will  better  appreciate  the  subtleties  of  that  configuration  after  reviewing 
the  narrative  account  of  the  NPTR  parachute  system  test  program.  For  that 
reason,  the  events  connected  with  the  parachute  test  program  will  be  taken  up  next. 

4.  THE  PARACHUTE  SYSTEM  TEST  PROGRAM  RESULTS 

4.1  An  Abortive  Start 

Paragraphs  3.  2.  3,  3.2.4,  and  3.  2.  5 discussed  the  shortcomings  of  the  3 2 -ft 
ring  slot  drogue  chute  and  described  the  first  two  parachute  system  tests.  No 
further  mention  will  be  made  of  those  tests  which  were  unsuccessful  and  nonrepre- 
sentatlve  of  the  remainder  of  the  test  series. 

4.2  A Partial  Succm*  (Teat  No.  3) 

On  8 April  1877  the  first  deployment  of  the  parachute  test  system  configuration 
with  the  28-ft  ring  slot  drogue  chute  was  carried  outi  At  aero  time,  TQ,  load 
extraction  from  the  C-130  aircraft  was  initiated  and  took  place  flawlessly.  (The 
aircraft  was  at  10,  000  ft,  e.  a.  a.  120  kt).  * The  teat  vehicle  quickly  assumed  a 
vertical  attitude,  and  at  Tq  + 19  sec,  main  chute  staging  was  Initiated.  Six  sec 
later  the  packed  dummy  balloon  was  riding  on  top  of  the  fully  inflated  42 -ft  main 
chute  (as  shown  in  Figure  0b),  waiting  to  be  extracted  from  its  canvas  container  by 
the  drogue  chute.  However,  when  the  timer-lnitlatod  command  Tor  this  function 
was  given  (at  T^  + 39  sec),  there  was  no  extraction.  The  system  floated  to  earth 
and  landed  without  damage.  Post-Might  inspection  revealed  that  the  wires  leading 
to  the  explosive  squibs  on  the  number  two  Radioplane  Release  (RR2)  had  been 


The  early  NPTR  Mights  were  performed  at  10,000  rt  (3048  m)  for  crew  safety 
purposes.  It  was  believed  that  the  launch  crew  could  gain  proficiency  with  this 
new  system  more  readily  if  unhampered  by  the  cold  and  oxygen-deficient  condi- 
tions found  at  25,  000  ft  (7020  m).  Also,  the  propeller-driven  alr-alr  photographic 
chase  plane  (T-28)  performs  better  at  lower  altitudes.  Since  this  plane  would 
have  to  bank  sharply  and  continuously  to  follow  the  ALBS  module  down  after  its 
extraction  from  the  C-130,  it  seemed  desirable  to  work  out  this  maneuver  first 
at  an  altitude  of  maximum  aircraft  response.  The  author  agreed,  after  system 
calculations  established  that  da1  a gained  at  10,  000  ft  would  be  applicable  to  later 
extractions  at  25,  000  ft. 

As  explained  in  paragraph  4,3,  this  time  was  later  changed  to  T r 20  sec  and  the 
main  chute  deployment  Initiation  time  was  changed  from  Tu  + IB^ec  to  T„  + 10  sec. 
The  revised  times  were  used  for  all  subsequsmt  tests,  including  the  Holloman  AFB 
drop, 


broken  during  the  deployment,  thus  making  the  extraction  step  impossible.  (See 
Figure  10. ) 

Despite  the  disappointment  over  the  less  than  completely  successful  test,  there 
was  elation  over  both  the  perfect  performance  of  the  28 -ft  extraction  chute  and  the 
positive  and  unexpectedly  rapid  (3  sec)  Inflation  of  the  main  parachute.  Also  pleas- 
ing was  the  lack  of  damage  to  the  3 -mil  (0.  0070  cm)  thick  polyethylene  balloon 
inflation  tubing  during  and  after  the  main  chute  deployment.  (In  this  test  the  infla- 
tion tube  was  attached  to  the  main  parachute  centerline.  (See  Figure  11.)  Later 
on,  it  was  moved  outboard  to  one  of  the  suspension  lines  (see  paragraph  4.  7), ) 

Appendix  C thoroughly  covers  pre-test  calculations  of  main  chute  opening 
parameters,  apprehensions  felt  in  connection  with  the  opening  and  precautions 
engineered  into  the  system  configuration  to  insure  success.  This  test  dramatically 
vindicated  the  precautions,  verified  or  refined  the  calculated  results  and  removed 
the  apprehensions.  That  the  electrical  lead  wires  had  failed  to  survive  the  moment 
of  violence  (see  Appendix  C,  paragraph  3.3.  3)  when  the  main  chute  was  deployed, 
was  rightly  considered  a correctable  system  design  flaw  as  later  events  proved. 


Figure  10.  Hadloplano  Release  No.  3, 
"Doughnut"  and  Electrical  Connector 


Figure  ii.  Inflation  Tubing  Assembly. 

3 -mil  layflat  polyethylene  tubing  Is  In- 
side cotton  outer  sleeving.  Note  attach- 
ment to  centerline  of  42 -ft  main  chute 


4.3  A Change  in  the  Method  of  Activating  the  Radioplane  Releaaea 

Discussions  between  the  engineers  of  the  0511  T.  S.  and  the  author  led  to  the 
decision  to  try  the  experiment  again  with  a less  vulnerable  method  of  Initiating 
balloon  extraction:  The  batiery  powered,  timer-controlled  explosive  squibs  in  RR2 


27 


F -Vl.lS Lull,  llilu,  Luj  Ml  istc-i 


r'  i '»U'  1 1‘.  fat  i»  I iVi1  V iiLIVi  ii  i 1 1 1 ii  Vifcil  Miigft  iliTJt  1 k 1 


would  be  replaced  with  lanyard -initiated,  pe  reus  a ion -fired  cartridges  with  a built- 
in  delay  of  10  sec.  Although  reliable  and  quite  commonly  used  in  the  aerial  deliv- 
ery of  military  cargos,  these  cartridges  were  not  used  earlier  because  of  the  orlg 
inal  long  staging  times.  (Main  chute  deployment,  which  la  controlled  by  the  first 
.Radioplane  Release  <RR1)  was  to  be  initiated  at  TQ  + 19  sec,  while  balloon  extrac- 
tion, controlled  by  RR2,  was  to  begin  at  TQ  + 39  sec. ) The  test  just  concluded 
showed  that  shorter  time  stages  were  possible,  thus  permitting  use  of  the  10-sec 
delay  cartridges,  The  6511  T.S.  quickly  incorporated  them  in  the  ALBS  test 
vehicle  both  for  main  chute  deployment  and  balloon  extraction  (see  Figure  12). 

(See  also  paragraph  3.4,  2,  Appendix  C. ) 


Figure  12.  Hadioplanc  Release  With  Lanyard-Initiated, 
10  Sec  Delay,  Percussion  Cartridges 


4.4  The  Knife  That  Did  Not  Cut  (Teit  No.  4) 

The  next  teat  was  conducted  on  21  April  1977,  with  the  C-130  flying  at  the 
same  altitude  and  airspeed  as  before  (10,  000  ft,  120  kl).  Load  extraction  was 
excellent  and  the  main  parachute  deployed  and  inflated  properly.  Balloon  extrac- 
tion still  did  not  take  place,  however.  Although  the  percussion  cartridges  had 
Initiated  the  extraction  step  as  planned,  the  event  did  not  go  to  completion  for  an 
unexpected  reason: 
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When  RR2  disconnected  the  drogue  line  from  the  apex  or  the  main  parachute, 
the  drogue's  residual  drag  force  was  supposed  to  pull  two  cutting  knives  across 
the  drawlines  (lacing)  of  the  balloon  containment  bag  (doughnut)  (see  Figure  13. ) 
The  severed  lines  would  then  be  pulled  from  the  bag.  This  action  would  release 
the  cover  of  the  bag  and  allow  the  drogue  to  pull  the  balloon  upward.  What  actually 
happened  was  that  only  one  knife  cut  completely  through  Its  drawltne,  The  pull  of 
the  drogue  was  Insufficient  to  extract  the  snugged,  longer-than-planned  drnwllne 
from  the  doughnut  and,  thus  the  balloon  was  not  pulled  upward,  Tho  array  des- 
cended to  the  ground  without  damage,  with  the  weight  of  tho  packed  balloon  appar- 
ently suspended  by  tho  nonfunctioning  knife's  cutting  edge. 


Figure  13.  Balloon  Containment  Bag  (Doughnut)  Lacing 
ana  Cutting  Knives 


Clearly,  another  minor  design  change  was  called  for,  The  response  was  to 
replace  the  two  cutting  knives  with  four  explosive  reefing  line  cutters.  A 6 -sec 
delay  time  was  Included  to  allow  them  to  be  lanyord-lnlttated  durtng  maln-ohute 
deployment.  Moreover,  reefing  rings  were  Installed  at  the  top  of  the  doughnut  to 
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reduce  the  friction  as  the  severed  drawltne  was  being  pulled  out,  (Nylon  loops 
had  been  used  before. ) 

4.S  The  Retaining  Ring  Problem  (Teat  No.  S) 

The  above  change  was  incorporated  in  the  configuration  flown  on  4 May  77. 
Unfortunately,  a new  "glitch"  came  to  light  on  that  date:  The  load  extraction  force 
developed  a transverse  component  which  caused  the  retaining  ring  for  the  3/8  in. 

(.  963  cm)  pivot  pin  (which  secures  the  swing  pin  of  RRl)  to  fly  off.  The  unres- 
trained pivot  pin  immediately  fell  out,  prematurely  initiating  main  parachute 
deployment.  The  drogue  chute  and  the  200 -ft  line  were  still  In  a horizontal  attitude 
at  this  point  and  the  substantial  deceleration  forces  broke  the  doughnut's  restrain- 
ing straps  allowing  it  to  slide  along  the  uninflated  main  parachute,  stopping  over 
the  canopy  area.  When  the  array  swung  Into  a vertical  altitude,  the  doughnut  kept 
the  main  chute  from  opening,  The  fouled  linos  inhibited  balloon  extraction  also. 
The  array  descended  to  the  ground  an  the  drogue  chute  alone,  landing  at  a very 
high  terminal  velocity  (approximately  (11  f/aec,  18.  (1  m/sec).  The  Impact  was 
cushioned  somewhat  by  the  crushablo  padding,  which  was  flattened  In  the  process. 
There  was  some  damage  to  the  rugged  test  box,  but  not  enough  to  require  rebuild- 
ing. 

Despite  the  frustration  of  the  May  4 failure,  It  was  decided  to  press  on.  A 
repeat  tost  was  conducted  on  It  May  1977,  with  the  faulty  grooved  pivot  pin  und 
retaining  ring  replaced  by  a threaded  bolt  and  self-looking  nut  (see  Figure  14), 


Figure  14.  Hadloplane  Release,  Showing  Bolted  Pivot  Pin 
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4.6  Success  at  Laat  (T««i  No.  6) 

Patience  was  finally  rewarded  on  this  occasion,  All  events  occurred  on  sched- 
ule and  exactly  as  planned.  The  dummy  balloon  was  stretched  out  vertically  to  its 
full  length  of  102  ft  (31, 1 m)  in  approximately  8 sec.  The  aircraft  speed  was 
higher  this  time,  130  kt,  but  the  higher  load  extraction  forces  caused  no  problem. 

With  the  successful  completion  of  oil  scheduled  events  at  10,  000  ft,  the  way 
was  now  clear  for  a test  at  25,  000  ft.  The  experience  gained  in  the  preceding  tests 
had  eased  earlier  concerns  about  operating  under  the  harsh,  open-cargo -deck 
environmental  conditions  at  25,  000  ft.  As  it  turned  out,  the  cargo  master,  photo- 
mate, and  other  cargo  deck  personnel  were  able  to  function  quite  well.  * 

It  should  be  mentioned  that  moderate  "coning"  of  the  42-ft  parachute  was  ob- 
served for  the  first  time  on  the  11  May  teat  .flight.  This  motion,  In  which  the 
lower  part  of  the  main  chute  and  its  load  rotated  through  an  Included  arc  of  about 
30  degrees  (as  opposed  to  simple  back-and -forth  pendulum  oscillations),  was  quite 
noticeable  as  the  array  descended  to  the  ground.  It  gave  rise  to  another  system 
modification  described  in  the  next  paragraph. 

4.7  The  First  High- Altitude  Drop  (Test  No.  7) 

The  first  drop  at  25,  000  ft  was  conducted  on  25  May  1877  (airspeed)  130  kts). 
All  stages  deployed  properly,  with  no  adverse  effects  due  to  increased  altitude, 

In  an  attempt  to  reduce  or  eliminate  coning,  the  hardware  at  the  apex  of  the 
42-ft  chute  was  changed  for  this,  test  to  allow  ruller  opening  of  the  apex.  It  was 
believed  that  the  Inflation  tubing  would  not  survive  the  harsher  environment  at  the 
apex  and  hence,  it  was  routed  up  one  or  the  main  chute  suspension  lines  and  ovar 
the  top  of  the  canopy  for  the  first  time,  (Previously,  it  had  been  attached  to  the 


♦ 

Actually,  the  most  serious  problem  encountered  In  the  25,  000  ft  launches  was  the 
precision  Dying  required  of  the  T-28  photo-chase  plane.  This  called  for  a learn- 
ing process  on  the  part  of  the  Navy  pilots  who  flew  this  aircraft  and  there  was 
noticeable  improvement  in  the  quality  of  air-to-air  photo  coverage  as  the  number 
of  releases  at  25,  000  ft  increased,  From  discussions  with  these  pilots,  It  was 
obvious  that  the  tight  turning  radius  needed  to  keep  in  contact  with  the  descending 
ALBS  array  required  maximum  coordination  and  led  to  substantial  physical  dis- 
comfort. (The  same  was  true  of  the,  photomate  manning  the  camera.)  At  any  rate, 
the  air-to-air  coverage  was  truly  spectacular  towards  the  end  of  the  flight  series. 
The  same  improvement  was  noted  in  the  photography  taken  from  the  platform  of 
the  C-130,  where,  even  though  g-forces  were  not  a factor,  ambient  temperatures 
at  the  open  ramp  were  very  uncomfortable.  (Part  of  this  Improvement  was  due  to 
a larger  camera  lens  sise  which  expsrienoe  dictated,)  (In  addition  to  the  atr-to- 
air  coverage  just  described,  the  NPTR  had  several  high  resolution  tracking  cam- 
eras following  the  ALBS  test  events  from  the  ground,  plus  cine -theodolite  cover- 
age for  time,  distance,  height,  and  velocity  measurements,  and  video  cameras 
for  live  coverage.  The  quality  of  this  coverage  was  uniformly  good  and  made  it 
possible  to  know  at  all  times  what  was  happening  or  what  did  happen  during  the 
course  of  the  tests. ) 
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center  line, ) A swivel  was  added  to  the  balloon  deployment  line,  as  an  additional 
change,  to  prevent  twisting  of  the  drogue  from  affecting  the  balloon, 

There  was  no  damage  in  this  teat  to  the  rerouted  tubing.  (It  was  attached  in 
the  same  manner  for  the  rest  of  the  flight  tests. ) The  fuller  opening  of  the  apex 
did  not  alleviate  the  oonlng  problem,  however,  and  it  continued  to  be  a worrisome 
item,  eventually  leading  to  the  specialized  coning  tests  described  under  tests 
no,  13  and  13. 

Damage  did  occur  on  teat  no.  7 at  the  base  of  the  doughnut,  however,  although 
it  did  not  interfere  with  the  deployment  of  the  simulated  balloon.  The  culprit  was 
the  measured  7000-lbf  (3. 1 X 10*N)  shock  loading  developed  during  the  exohange  of 
momentum  between  the  recoiling  doughnut  and  the  suddenly  decelerated  cryogenic 
unit.  (See  Appendix  C.)  It  was  decided,  therefore,  to  reinforce  the  doughnut  for 
the  next  teat.  In  addition,  eighteen  (18)  Nylon  loops,  evenly  spaced,  were  added 
to  the  oenterltne  of  the  42 -ft  chute.  The  loops  were  secured  to  a restraining  steel 
eye  by  350-lbf  (1557N)  breaking  strength  ties.  It  was  believed  that  sequentially- 
interrupted  deployment  of  the  centerline  folds  would  attentuate  the  shook.  (The  fact 
that  the  Inflation  tubing  was  no  longer  attached  to  this  centerline  made  such  an 
action  feasible. ) Thus,  a repeat  of  the  25, 000  ft  (7320  ml  drop  was  planned  using 
the  dummy  balloon,  the  reinforced  balloon  containment  bag,  and  shock-attenuating 
ties  on  the  centerline.  (See  paragraph  4. 9 for  a description  of  test  no.  8. ) 

4.8  A Chang#  of  Scops 

The  NPTR  test  series  had  been  planned  to  tost  the  dynamics  of  the  parachute 
system  with  the  understanding  that  midair  deployment  of  the  real  ALBS  balloon 
would  be  carried  out  for  the  first  time  at  Holloman  AFB.  (A  scientific  balloon 
would  be  the  deployment  vehicle  for  that  test. ) However,  as  the  tests  at  the  NPTR 
progressed,  the  idea  of  carrying  out  the  first  balloon  deployment  test  there  became 
increasingly  attractive.  Permission  was  obtained  to  add  this  test  to  the  NPTR 
series  and  plans  were  made  accordingly,  even  while  the  original  test  series  with 
the  dummy  balloon  was  being  carried  out.  One  of  the  three  special  ALBS  balloons 
at  AFQL  was  shipped  to  El  Centro  for  the  newly  established  test.  It  quickly  be- 
came apparent  that  the  doughnut  would  have  to  be  enlarged  slightly  to  accommodate 
the  bulk  of  the  balloon  and  its  large  end  fittings,  Moreover,  it  appeared  that  the 
lower  rims  of  the  end  fittings  would  have  to  be  carefully  padded  to  keep  them  from 
cutting  through  balloon  material  at  the  time  of  application  of  the  7000-lbf  force  dis- 
eased in  paragraph  4,  7.  These  were  not  major  changes,  however,  and  it  was 
agreed  that  the  real  balloon  would  be  flown  after  the  last  scheduled  test  of  the 
dummy  balloon. 
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4.9  The  Final  Teal  of  the  Dummy  Balloon  (Teat  No.  8) 
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On  17  June  1977,  tho  dummy  balloon  was  deployed  from  a C-130  over  the 
NPTR  for  the  last  time  (25,  000  ft,  130  kt).  All  stage*  functioned  properly,  The 
reinforced  doughnut  watt  not  damaged.  The  measured  deployment  shock  stayed  at 
7000  lbf,  however,  Indicating  that  the  18  Nylon  loops  were  ineffective  os  shock 
reducers.  In  the  Interest  of  system  simplicity,  they  were  dropped  from  the  con- 
figuration and  were  not  used  again, 

4.10  Tile  Inflation  Tubing  Question 

At  this  point,  it  was  clear  that  the  actual  dynamic  performance  characteristics 
of  the  parachute  subsystem  matched  the  requirements  established  for  midair  balloon 
deployment.  Interest  was  now  focused  on  the  matter  of  survivability  of  the  real 
balloon  under  the  verified  dynamic  conditions.  (Survivability  or  the  rugged  dummy 
balloon  was  never  in  question. ) However,  as  plans  were  being  made  for  the  deploy- 
ment of  a real  balloon  to  test  Its  survivability,  still  another  likely  problem  area 
came  under  close  reviewi  the  adequacy  of  tho  inflation  subsystem. 

The  preceding  teats  had  shown  that  the  3 -mil  (0,  007B  cm)  thick  inflation  tubing 
could  be  deployed  without  damage  when  attached  to  one  of  the  suspension  lines  of 
the  main  chute.  (It  was  enclosed  in  a protective  canvas  sleeve,  see  Figure  11.) 

This  fact  did  not  prove,  however,  that  gas  from  the  cryogenic  unit  would  actually 
pass  smoothly  up  through  the  deployed  tubing  and  through  the  interior  rilling  tube 
in  the  ALBS  balloon.  Twisting  and  kinking  of  the  inflation  tubing  were  seen  as 
distinct  possibilities,  An  obstruction  of  this  type  would  lead  to  tubing  rupture  with 
the  gas  escaping  to  the  atmosphere,  rather  than  filling  the  balloon.  Clearly,  this 
aspect  of  the  ALBS  process  would  also  have  to  undergo  demonstration  testing  before 
confidence  could  be  established  in  the  overall  inflation  process, 

Gradually,  a plan  evolved  whereby  a mini-inflation  system  would  be  added  to 
the  NPTH  test  vehicle  so  that  a small  amount  of  gas  could  be  passed  up  to  the 
balloon  to  verify  the  suitability  or  the  Inflation  tubing.  This  would  not  be  attempted, 
however,  until  the  real  balloon  had  at  least  one  successful  deployment.  (See 
testa  9 and  10. ) 

The  mlnl-inflatton  system  was  to  consist  of  two  standard  "K"  bottles  of  com- 
pressed Helium  gas  (220  SCF  (8,23  m*)  each)  which,  along  with  appropriate  valves 
and  regulators,  would  be  strapped  to  the  underside  of  the  test  vehicle.  This  sys- 
tem was  to  match  as  closely  as  possible  the  gas  output  characteristics  of  the  much 
larger  ALBS  cryogenic  unit  (which  could  not  be  deployed  rrom  a C-130).  The  NBS 
-greed  to  put  such  a system  together  and  ship  It  to  El  Centro  for  the  planned  test 
(test  no.  11), 
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4.11  First  Deployment  of  the  Reel  Balloon  (Teit  No.  9) 

On  29  June  1977,  the  first  deployment  of  a real  ALBS  balloon  was  attempted. 
The  C-130  waa  at  29,000  ft,  130  kt  e.  a.  a.  First  and  seoond  stage  deployments 
occurred  normally  and  the  balloon  actually  started  to  move  upwards  out  of  the 
doughnut  under  the  drag  of  the  drogue.  Only  about  a 6 -ft  (1. 8 m)  length  of  balloon 
was  actually  pulled  out,  however,  due  to  the  opposing  action  of  an  interfering  line, 
The  system  floated  to  earth  with  no  damage  to  the  balloon  or  test  vehicle, 

4.12  A SucoMiful  Balloon  Extraction  (Teat  No.  10) 

The  above  test  waa  repeated  on  7 July  1977  with  the  offending  line  removed 
from  the  path  of  the  ascending  balloon.  Also,  four  Nylon  girdling  bands  wore  added 
around  the  doughnut  pack  to  control  bulk,  The  results  were  very  gratifying.  The 
entire  balloon  was  extraoted  readily  and  suffered  no  damage  either  in  the  extraction 
or  during  the  descent  to  the  ground,  It  was  olear  that  the  maximum  dynamic  pres- 
sure experienced  waa  well  tolerated  by  the  unlnflated  balloon  material.  Serious 
twisting  of  the  inflation  tubing  between  the  base  of  the  balloon  and  the  top  of  the 
main  chute  was  observed  in  this  test,  however,  confirming  earlier  apprehensions 
on  this  scars, 

In  prior  tests  involving  only  the  dummy  balloon,  the  Inflation  tubing  had  been 
tied  In  several  places  to  the  centerline  of  the  42 -ft  chute  or  (later)  to  one  of  the 
suspension  lines.  Since  the  dummy  balloon  had  no  attachment  point  for  the  tubing, 
the  latter  waa  tied  off  just  above  the  apex  of  the  42-ft  chute,  A similar  procedure 
was  used  at  the  interface  between  the  test  vehicle  and  the  base  or  the  42 -rt  chute, 
This  arrangement  kept  the  inflation  hose  from  indicating,  by  twisting,  any  relative 
motion  between  the  dummy  balloon  and  the  42-ft  chute.  (Twisting  at  the  lower  end 
was  not  considered  a problem  and  would  have  been  detected  from  box  rotation,  if 
present. ) 

In  the  test  with  the  real  balloon  (test  no.  10),  however,  the  top  end  of  tho  infla- 
tion tubing  was  attached  to  the  flanged  inflation  port  on  the  bottom  end  fitting  of  the 
balloon,  (The  bottom  of  the  tubing  was  still  tied  off  in  the  test  vehicle. ) This  new 
connection  clearly  showed  up  the  twist  problem  and  alerted  all  to  the  need  for 
remedial  action  at  once.  Twisting  of  the  Inflation  tubing  would  crlpplo  the  planned 
mini-inflation  test  and,  thus,  could  not  be  tolerated, 

Of  the  many  ideas  discussed  to  eliminate  the  twisting,  the  one  proposed  by 
Lt,  Warren  Mausey  of  the  0511  T,  S,  seemed  to  be  the  most  promising.  It  Involved 
a flexible  no-twist  metal  linkage  system  which  could  be  folded  in  the  packing  of  the 
balloon  and  main  ohuto,  and  which  allowed  only  a quarter -turn  of  twist  between  the 
two.  This  no-twist  linkage  (NTL)  was  fabricated  for  use  on  the  mini -inflation  test 
flight  about  to  be  described.  It  is  depicted  in  Figure  IB,  which  is  a sketch  of  the 
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Figure  16.  Ban*  of  Balloon.  No-twlat  linkage  wan  fabricated  for  une  on  mlnl- 
inaatlon  teat  flight 


complete  complement  of  hardware  ltema  required  at  the  bane  of  tho  ALBS  balloon 
for  a live  flight.  (Thla  la  the  configuration  actually  aaaembled  for  the  Holloman 
balloon  drop  teat. ) 


4.18  The  Flrat  Attempted  In-Flight  Inflation  (Teet  No.  11) 

On  86  July  1877,  the  ALBS  teat  vehicle,  modified  to  Incorporate  the  mlnl- 
inflatlon  ayatem  (aee  Figure  IS)  wan  extracted  over  the  NPTR  (85,  000  ft  altitude, 
130  kta  e,  a.  a, ),  Balloon  deployment  waa  acoompllahed  readily  and  Inflation  waa 
begun  at  T0  + 40  aec  via  a timer-opened  aolenoid  valve,  The  gaa  did  not  appear  to 
have  gone  Into  the  balloon  aa  planned,  however.  The  fllma  were  tnconclualve  In 
that  they  could  have  been  Interpreted  aa  ahowlng  either  a alight  Inflation  or  none  at 
all.  In  addition,  the  recovered  balloon  waa  allghtly  damaged  upon  Impact  with  the 
deaert  terrain  of  the  NPTR,  and  one  hole  near  the  apex  would  have  releaaed  any 
gaa  which  might  have  gone  Into  the  balloon, 

When  the  recovered  Inflatloh  tube  waa  examined,  several  long  burat-cauaed 
team  were  noted  in  the  area  which  had  been  juat  above  the  teat  vehicle,  that  la, 
at  the  baae  of  the  42 -ft  parachute.  The  teat  fllma  showed  that  the  Inflation  tubing, 
which  had  been  shortened  aomewhat  for  thla  teat,  might  have  been  atretched  taut 
In  that  location  by  a poaulblo  3/4  turn  about  the  42 -ft  chute  confluence  point,  thua 
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obstructing  the  now  of  gas  and  allowing  a quick  buildup  of  pressure,  Whether 
this  actually  occurred  oould  not  be  determined.  It  was  established,  however,  by 
tests  conducted  later  at  NBS,  Boulder,  that  the  buildup  of  pressure  In  the  tubing 
was  almost  Instantaneous  las  opposed  to  the  gradual  buildup  with  the  cryogenic 
unit)  and  that  almost  any  obstruction  in  the  Innatlon  tubing  would  have  led  to  the 
burst  experienced.  It  was  concluded  that  the  teat  should  be  repeated,  but  only 
after  the  mint-tnflatlon  system  had  been  modified  to  provide  a gradual  pressure 
buildup  whloh  the  tubing  could  tolerate. 

The  test  films  also  showed  that  the  no-twlst  link  between  the  apex  of  the  42-ft 
chute  and  the  base  of  the  balloon  was  very  effective,  The  link  became  a permanent 
part  of  the  system  configuration  as  a result, 

Coning  or  the  4B-rt  chute  was  noted  again  In  this  test,  and,  In  the  "real  time" 
films  of  the  test,  was  quite  pronounced,  (The  high  speed  photography,  100-200 
frames/sec,  tended  to  mask  this  motion. ) It  was  believed  that  the  42-ft  chute 
oenterllne  was  the  chief  cause  of  this  coning  and  plans  were  made  to  fly  two  tests 
of  the  42-chute  alone,  using  a 1 000  - lb  ( 0 0 7 3 N ) weight  bomb  to  simulate  the  test 
vehicle,  One  test  would  be  with  a centerline,  the  other  without,  In  order  to  deter- 
mine the  effeot  of  the  centerline,  (See  tests  12  and  111. ) The  desire  to  eliminate 
contng  arose  Trom  concern  over  possible  loss  of  fluid  stratification  In  the  cryogenlo 
unit  and  fear  or  ptnohlng  the  Inflation  tubing  off, 

As  preparations  were  made  for  a repeat  of  the  balloon  Inflation  test,  other 
modifications  beyond  the  change  In  pressure  buildup  time  were  worked  In.  These  j 

Included  adding  slack  to  the  Inflation  tubing,  shortening  the  connection  between  the  j 

main  chute  and  test  vehicle,  replacing  the  straight  gas  Inlet  pipe  on  the  balloon's 

bottom  end  fitting  with  a large  elbow,  and  fabricating  a new,  smoother  and  less  j 

bulky  canvas  protective  sleeve  for  the  tnflntton  tubing,  The  Impact-caused  holes  I 

In  tho  balloon  were  patched  to  Insure  that  the  inflation  gas  would  be  retained.  . 

The  planned  balloon  drop  at  Holloman  AFB  (nftor  tliB  completion  of  the  NPTR 
tests)  had  been  receiving  considerable  attention  during  this  snme  time  period,  and 
U was  doclded  to  Incorporate  in  the  upcoming  NPTH  balloon  Inflation  test  some  of 
the  Items  that  would  be  used  at  Holloman,  (These  Items  would  be  added  to  test 

physical  compatibility,  They  would  not  be  functional, ) The  itoms  Included  sn  8-  j 

conductor  csblo  attached  to  a suspension  line  of  the  42-ft  chute  and  two  explosive  j 

separation  devices  (a  shear  nut  and  a Tenney  load  attachment  device)  at  the  base  of  j 

the  balloon,  as  would  be  required  for  termination  of  the  ALBS  balloon  flight  at  ; 

Holloman  AFB  (see  Figure  15),  (The  42-ft  chute  was  shipped  to  Holloman  AFB  for  j 

Installation  of  the  8-conductor  cable  and  was  returned  to  the  NPTH  for  the  test.)  j 

In  the  interest  of  economy,  the  two  tests  to  determine  the  cause  of  the  contng  j 

action  of  the  42-ft  chute  were  scheduled  for  the  same  day  as  the  repeat  of  the  balloon 
Inflation  tost.  The  C-130  would  carry  all  three  drop  vehicles  simultaneously,  ; 
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releasing  the  42-ft  chute/weight  bomb  test  packages  at  10,  000  ft  (two  passes)  and 
climbing  subsequently  to  25,  000  ft  to  release  the  ALBS  module.  After  many  delays, 
this  series  of  drops  (tests  nos,  12,  13,  14)  finally  took  place  on  27  October  1977, 
The  results  are  described  below. 

4.14  The  Coning  Investigation  Teata  (Teata  Not,  12  and  13) 

On  the  first  teat  (no.  12),  the  1800-lb  weight  bomb  was  dropped  on  a 42-ft  ring 
sail  chute  equipped  with  a centerline.  Definite  coning,  of  the  type  and  magnitude 
exhibited  by  the  full  systems,  was  noted.  Unfortunately,  In  the  second  drop  (teat 
no.  13),  several  suspension  lines  of  the  42-ft  chute  (no  centerline)  failed,  causing 
the  chute  to  drift,  Thus,  although  no  coning  was  noted,  the'  test  was  not  considered 
meaningful  because  of  the  resultant  parachute  distortion.  These  tests  proved  that 
the  42-ft  chute  did  indeed  cone  with  a centerline  In  place,  but  the  parachute's 
behavior  with  a heavy  load  in  the  absence  of  that  line  was  not  established.  The 
tests  were  not  repeated,  for  reasons  given  in  the  discus,  s Ion  of  test  no.  14,  and  as 
of  this  writing,  the  question  has  not  been  resolved.  (It  should  be  noted  here  that 
the  42-ft  ring  sail  chutes  used  In  these  teats  were  new  to  the  (iBllth  test  squadron, 
and  there  was  little  Information  available  on  their  performance  characteristics 
under  various  conditions,) 

4.13  Tin  Second  IWIoom  lunation  Teat  (Teat  No.  14) 

The  second  attempt  to  achieve  partial  Inflation  of  the  deployed  balloon  was 
Initiated  when  the  C-130  leveled  off  at  25,  000  ft,  after  the  above  coning  tests.  A 
problem  developed  just  as  the  ALBS  module  was  leaving  the  rump  of  the  C-130, 
however,  which  doomed  the  test  to  failure!  The  deployment  of  the  main  chute  was 
Initiated  prematurely  (by  approximately  0 sec)  so  that  it  opened  while  still  In  a 
horizontal  attitude  and  at  a much  higher  velocity  thnn  planned.  The  shock  broke 
the  centerline  of  the  chute,  damaged  or  broke  several  panels  and  suspension  lines, 
and  tore  open  a large  hole  in  the  partially  exposed  balloon.  Hemarkably,  the  nor- 
mal two -parachute  configuration  was  subsequently  achieved  and  the  balloon  was 
even  extracted  to  full  length.  The  system  descended  to  the  ground  on  both  chutes, 
with  the  tattered  balloon  fully  deployed, 

Post-flight  examination  showed  that  the  gas  inflation  system  had  discharged 
properly.  There  was  no  way  of  telling  whether  gas  had  gone  Into  the  balloon, 
however,  because  of  the  many  rips  In  the  balloon  fabric,  Moreover,  several  long 
tears  where  found  In  the  inflation  tubing,  just  below  the  point  of  attachment  to  the 
balloon's  lower  end  fitting,  which,  Incidentally  was  badly  damaged,  It  was  not 
possible  to  toll  whether  excessive  main  chute  opening  forces  or  gas  pressure  had 
split  the  Inflation  tubing. 


I 


$ 


E 


I- 


\ 


L 


The  basic  cause  of  the  failure  was  a matter  of  speculation.  From  damage 
marks  noted  inside  the  test  box,  it  appeared  that  RR1  (see  Figure  9a)  had  struck 
the  bottom  side  of  the  box  as  it  was  being  pulled  forward  by  the  taut  2 00 -ft  drogue 
line.  The  Impact  was  apparently  severe  enough  to  break  or  prematurely  discharge 
the  release,  (It  was  never  recovered,) 

Normally,  the  load  extraction  sequence  is  as  follows:  The  packed  28-ft  drogue 
is  released  into  the  airstream  behind  the  C-130  by  triggering  the  pendulum  release 
device  on  which  it  is  hung.  As  the  chute  pack  moves  away  from  the  aircraft  (rela- 
tively speaking),  deploying  the  200-ft  line  from  its  base,  It  develops  a downward 
component  which  1s  transferred  to  the  200-ft  line.  When  the  line  becomes  taut, 
the  28-ft  chute  is  extracted  from  the  pack  lines  first,  and  opens  up.  The  rapidly- 
developing  deceleration  force  is  applied  via  the  200-ft  line  to  the  attachment  hard- 
ware at  the  test  box,  breaking  the  restraining  tie-cords  (shown  earlier  In  Figures  4 
and  5)  and  pulling  the  suspension  lines  out  of  the  box  to  form  a pyramid,  (Fig- 
ures 17  and  18  show  the  first  stage  pyramid  in  a vertical  attitude  during  pre-flight 
preparations,  In  actual  flight  the  pyramid  is  horizontal,  Initially,  RR1  Is  near 
the  apex  of  that  pyramid. ) When  the  suspension  pyramid  becomes  taut,  the  1000-lb 
(4448N)  restraining  line  is  broken  and  the  box  moves  out  of  the  aircraft  (see 
Figure  19). 

In  this  ease  it  Is  suspected  that  there  was  a momentary  delay  In  the  extraction 
of  the  28-ft  chute  from  its  bag  at  line  stretch  and  an  impulse  was  developed  which 
was  translated  back  to  the  box  on  the  rump  of  the  C-130.  The  downward  component 
of  this  impulse,  in  combination  with  line  recoil,  apparently  caused  RR  No.  1 to 
strike  a metal  fairing  on  the  bottom  side  of  the  box  with  great  lorce,  thus  initiating 
tiie  premature  release. 

This  failure  was  both  unanticipated  and  demoralizing  in  that  it  Introduced  a 
new  uncertainty  into  the  air-launch  process.  The  engineers  at  the  0511th  Test 
Squadron  believed  t hat  the  configuration  used  to  date  could  permit  the  failure  just 
experienced  to  reoccur  on  u random  basis.  Thus,  any  attempt  to  repeat  the  balloon 
inflation  test  again  would  be  threatened  by  the  possibility  of  another  failure  at  the 
ramp.  Extensive  engineering  and  testing  v.ould  be  required,  in  tiieir  opinion,  to 
reduce  the  charicos  of  such  a falls. e to  an  acceptable  level. 

It  was  reluctantly  agreed  that  the  NPTR  test  flights  would  be  terminated  Immed- 
iately, even  though  the  coning  Issue  had  not  been  resolved  and  the  Inflation  system 
had  never  really  been  successfully  tested.  This  decision  was  Influenced  by  a short- 
age of  funds  to  expand  the  effort  at  the  NPTR  to  encompass  extraction  reliability 
tests  and  by  a desire  to  avoid  further  major  slippage  of  the  long-delayed  balloon 
drop  test  at  Holloman  APR.  It  was  reasoned  that  a successful  proof-of-ooncept 
test  at  Holloman  would  allow  the  next  phase  of  the  program  to  start,  namely  the 
development  of  the  "hardened"  version  of  the  cryogenic  unit,  suitable  for  extraction 
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Figuro  17,  Test  Vehicle,  First  Stage  Ftgurc  IB.  Test  Vehicle,  First  Stage 
Suspension  Suspension  (Cloreup) 
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Figure  19.  ALBS  Load  Extraction 
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Table  1.  **  Parachute  Test  Program 


from  a C-130.  During  the  development  of  that  version  of  the  A I,I1S,  more  reliable 
extraction  techniques  would  be  worked  out. 

Thus,  the  program's  emphasis  now  shifted  entirely  to  preparations  for  the 
Holloman  launch.  The  engineers  of  the  8511th  Test  Squadron  were  active  partici- 
pants tn  these  preparations  and  arranged  both  to  furnish  many  of  the  components 
needed  for  the  drop  and  to  be  present  for  the  package  preparation  and  post-flight 
assessment. 

With  the  termination  of  the  NPTR  test  program,  there  was  some  regret  that 
not  all  of  the  questions  had  been  answered.  Nevertheless,  there  was  a feeling  of 
solid  achievement  in  that  the  original  NPTR  flight  test  objective  (see  paragraph 
3.2. 1)  had  been  fully  met  and  that  important  data  had  been  developed  over  the 
above  that  originally  sought.  Also,  plans  for  the  Holloman  drop  could  be  formulated 
with  a degree  of  confidence  In  parachute  system  performance  which  would  otherwise 
have  been  impossible. 

Notei  The  foregoing  discussion  of  the  NPTR  tests  gave  no  indication  of  attend- 
ance by  the  author.  Actually,  he  made  several  trips  to  El  Centro  during  the  pro- 
gram, staying  almost  a month  on  one  occasion.  However,  despite  the  boat  of 
planning,  it  was  not  always  possible  to  forecast  the  delays  and  postponements  which 
occurred  because  of  unsuitable  weather,  aircraft  breakdowns,  range  nonavailabil- 
ity, etc.  In  the  period  of  a month,  he  made  two  separate  week  long  visits  to  wit- 
ness a test,  which  was  eventually  conducted  later  in  hla  absence,  Fortunately,  an 
excellent  rapport  was  developed  with  the  (1511  T.S.  which  permitted  test  prepara- 
tions and  results  to  be  monitored  closely  by  telephone,  In  lieu  of  actual  attendance, 
Table  1 summarizes  test  conditions  and  indicates  tests  at  which  the  author  was 
present. 


5.  THE  HOLLOMAN  AEB/WWTE  SANDS  MISSILE  RANGE  BALLOON 
DROP  TEST 

3.1  Priw  Preparation! 

The  preceding  discussions  show  that  the  drop  of  the  live  ALRS  module  from  a 
carrier  balloon  at  25,  000  ft  over  the  Whits  Sands  Missile  Range  had  been  In  the 
test  plan  from  the  start.  It  was  postponed  several  times  because  it  could  not  be 
conducted  before  the  NPTR  parachute  subsystem  tests  were  completed  and  they  In, 
turn,  were  prolonged  both  by  technical  problems  und  by  an  expanded  scope  of  effort. 
However,  with  the  termination  of  the  NPTR  testa  in  November  1077,  a firm  time 
period  for  the  Holloman  test  was  finally  established!  17-20  January  1978, 
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The  broad  spectrum  of  preparations  required  for  this  test  could  not  possibly 
be  completed  solely  within  the  November  to  January  time  period.  The  January 
date  was  chosen  only  because  most  of  the  preparations  had  been  started  several 
months  earlier  and  were  actively  in  progress  while  the  NPTR  tests  were  being 
conducted.  By  way  of  Illustration! 

(a)  The  lightweight  cryogenic  unit  had  been  built  and  was  fully  tested  by  the 
Spring  of  1877  (see  Appendix  D). 

(b)  Three  (3)  of  the  special  ALBS  balloons  had  been  procured  in  1673  and  one 
of  the  three  had  already  been  deployed  in  midair  several  times  by  the  end  of  the 
NPTR  tests. 

(c)  The  parachute  subsystem  had  been  fully  qualified  at  the  NPTR,  both  with 
a dummy  and  a real  balloon. 

(d)  An  S-Band  telemetry  module  with  UHF  command  and  control  functions  and 
appropriate  sensors  had  been  made  up  at  AFGL  for  the  Holloman  flight  (see 
Section  B.  4). 

(e)  The  inflation  tubing  assembly  had  been  fabricated  and  had  been  flown  with- 
out harm  on  most  of  the  NPTR  tests.  (Although  it  had  not  been  fully  qualified  when 
those  tests  ended,  the  decision  was  made  to  use  It  without  change  in  the  Holloman 
test,  with  great  care  taken  in  its  handltng  and  installation.) 

(f)  The  remaining  major  Item  was  the  interface  component  to  tie  paraohutes, 
balloon,  cryogenic  unit,  and  payload  together,  Key  meetings  had  been  held  at  the 
NPTR  during  the  week  of  18  July  1877  on  the  subject  of  the  Interface  design,  with 
Inputs  from  engineers  of  the  0511  T.  W.,  the  NBS  representative,  the  AFGL  tele- 
metry engineer,  and  the  author.  The  result  was  the  plan  for  a box-like  container 
(for  the  packed  balloon,  the  42 -ft  main  chute,  the  TM  package  end  the  cryogenic 
unit  recovery  parachutes)  which  would  be  attached  to  and  become  a superstructure 
for  the  cryogenic  unit.  * Thereupon,  NBS  undertook  the  construction  of  the 

With  this  design,  main  chute  deployment  and  balloon  extraction  would  occur  essen- 
tially as  they  had  during  the  NPTH  tests  using  the  same  staging  times.  (See  foot- 
note **  on  page  20. ) Then,  after  drogue  release  and  balloon  inflation  (stages  4 
and  3)  had  been  accomplished,  a new  0th  staging  operation  would  be  accommodated! 
The  cutting  away  of  the  cryogenic  unit  to  permit  the  balloon  to  ascend.  (See  foot- 
note * on  page  50. ) 

It  is  to  be  remembered  here  that  in  the  NPTR  tests,  the  28-ft  extraction  chute  was 
released  to  the  airstream  by  the  pendulum  on  board  the  0130.  As  the  chute  moved 
out  (cf.  paragraph  4. 15),  it  deployed  the  200-ft  extension  line  and  then,  as  it  began 
to  open,  it  developed  enough  force  to  pull  the  ALBS  test  vehiole  off  the  aircraft 
ramp.  Subsequently,  the  system  swung  through  a 90°  arc  to  complete  the  transi- 
tion from  horizontal  to  vertical  attitude  (end  of  first  staging  operation). 

In  the  balloon  drop  test,  the  ALBS  unit  stays  vertical  at  all  times.  As  it  falls 
freely  It  deploys  the  200-ft  extension  line  above  it  which,  when  taut,  pulls  the 
28-ft  chute  out  of  its  pack,  which  is  secured  to  the  carrlor  balloon's  load  bar  (see 
Figure  20),  When  the  28-ft  chute  opens,  the  balloon-dropped  system  Is  In  the  same 
same  configuration  as  the  aircraft -droppod  system  at  the  completion  of  the  flret 
staging  operation  (see  Figure  8a).  In  both  cases,  deployment  of  the  main  chute 
(second  stage)  occurs  at  t + io  sec. 
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Figure  20,  2B-ft  Drogue  Chute  Attached  to  Carrier  Balloon  Load  Bar 

superstructure  and  mated  It  with  the  cryogenic  unit  at  Boulder.  By  late  November, 
It  was  ready  for  shipment  to  Holloman  AFB  (see  Appendix  D), 

(g)  After  the  Interface  method  was  established  In  July,  the  author  was  able  to 
generate  a detailed  master  sketch  of  the  system  (Figure  21  and  22),  As  he  was 
working  on  this  sketch,  which  shows  the  system  at  the  completion  of  the  third  stage 
(balloon  extraction),  several  Informal  meetings  were  held  at  AFOL  to  resolve 
questions  with  regard  to  such  matters  as  the  technique  for  terminating  the  flight  of 
the  ALB9  balloon,  the  method  to  be  employed  for  releasing  the  drogue  chute  about 
halfway  through  the  Inflation  process,  and  the  procedures  for  disconnecting  the 
Inflation  tubing,  cutting  the  main  chute  centerline  (see  * at  bottom  of  page  55)  and 
dropping  away  the  cryogenic  unit  at  the  end  of  Inflation.  The  answers  to  these 
questions,  In  turn,  helped  to  pin  down  the  specifics  of  commands  to  be  used,  the 
sequence  of  those  commands,  power  requirements,  cable  requirements,  and  the 
like.  Once  these  details  were  resolved,  priority  was  given  to  ordering,  fabricating, 
or  gathering  together  all  of  the  pieces  of  required  hardware.  (As  Indicated  In  the 
discussion  of  the  NPTH  tests  (see  paragraph  4.  13),  some  of  the  components  were 
even  integrated  physically  Into  the  5511th  T.  3.  teat  vehicle  to  check  on  their  com- 
patibility with  the  flight  components  already  In  use.)  By  late  November,  m.ost  of 
the  items  were  on  hand  or  In  the  final  stages  of  completion. 


Figure  Sin,  Outline  Drawing  ALBS  Prototype  Configuration  for  January 
1B78  Teat  at  Holloman  AFB,  NM 
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DETAIL  A 


Figure  21b.  Outline  Drawing  ALBS  Prototype  Configuration  - Detail  A 
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9.2  Flight  Pluming  Mwtlnp 

5.2.1  GENERAL 

When  the  January  date  wa a established  for  the  Holloman  drop,  tt  became  neoea- 
aary  to  make  Detachment  1,  AFGL,  at  Holloman  AFB  an  active  part  of  the  teat 
team.  (Prior  to  thin  time,  detachment  peraonnel  had  been  In  rendlnese  Tor  thta 
call  and  hnd  been  kept  fully  Informed  of  happenings  at  El  Centro  Rnd  elsewhere. ) 

The  author  conductod  a series  of  planning  meetings  at  Detachment  1 during  the 
week  of  0 December  1077,  A broad  range  of  topics  was  covered,  Including  test 
objectives,  event  sequences  and  times,  potential  launch  sites,  preferred  target 
area,  range  support  requirements,  load  bar  configurations,  and  Detachment  l 
logistical  operations  In  support  of  a remote  launch,  If  so  decided.  The  NBS  repre- 
sentative attended  some  of  these  meetings,  In  addition  to  checking  out  the  flight- 
weight  cryogenic  unit  which  he  had  just  transported  by  truck  from  Boulder,  (For- 
tunately, all  components  of  the  cryogenic  unit,  Including  the  shock-sensitive 
vacuum  systems  for  thermal  protection,  survived  the  trip  without  harm.  The 
cryogenic  unit  and  Its  bux-ltke  superstructure  were  loft  at  Detachment  1 to  be 
ready  for  the  January  flight, ) 

5.  2.  2 THE  CHOICE  OF  LAUNCH  SITE 

A principal  determinant  In  the  choice  of  launch  site  was  the  requirement  that 
the  ALBS  release  be  made  over  a test  range.  (This  requirement  arose  front  the 
experimental  nature  of  the  ALBS  deployment  process  which,  In  case  of  failure, 
would  allow  the  heavy  cryogenic  unit  to  descend  to  the  ground  at  a high  terminal 
velocity,  and  front  the  potentially  hazardous  pressure  buildup  In  the  cryogenic  unit, 
If  It  should  land  Intact  and  undischarged,  with  the  pressure  relief  valve  jammed 
shut  by  Impact  forces.  (See  foutnoto  * on  pRgc  58.) 

Because  Hollomun  AFB,  where  most  Detachment  1 launches  are  made,  Is  at 
the  eastern  edge  of  the  White  Sands  Missile  Range  and  because  the  prevailing  winds 
at  25,  000  It  over  the  WSMR  In  January  have  a strong  west  to  cast  component,  n 
launch  west  of  the  usual  site  was  initially  Indicated.  Probable  flight  trajectories 
were  then  made  up,  using  January  wind  fields,  and  allowing  the  carrier  balloon  to 
climb  at  000  fpni  to  the  25,  000  release  altitude.  They  showed  that  nn  on-range 
launch  would  provide  an  acceptable  flight  path  only  a small  percentage  of  the  time, 
whereas  an  off-range  launch  was  quite  likely  to  produce  the  desired  trajectory. 

Another  determinant  was  the  requirement  for  photo  coverage  of  the  ALBS 
release,  The  trajectory  obtainable  from  a remote  (ofr-range)  launch  would  position 
tho  target  area  more  favorably  with  regard  to  normal  range  telescopic  motion 
picture  and  video  camera  locations. 

The  disadvantages  or  Ihe  remote  launch  were  only  too  obvtousi  Several  days  of 
per  diem  costs  for  ten  (10)  or  more  Detachment  l personnel!  the  complicated 
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logistics  associated  with  gathering  and  transporting  all  the  necessary  vehicles, 
supplies  and  equipment  150  miles  to  the  preferred  remote  site:  the  coat  of  renting 
temporary  facilities  at  that  sitei  the  Inability  to  man  recovery  crews  adequately 
with  the  personnel  staying  behind  at  Holloman,  etc. 

The  planning  meetings  resulted  In  the  decision  to  launch  off-range  and  in  the 
choice  of  the  municipal  airport  at  Truth  or  Consequences,  NM  (T  or  C)  as  the 
remote  site,  a decision  which  was  subsequently  approved  at  the  Division  level, 

That  site  had  been  used  previously  by  Detachment  1 so  that  preparations  for  the 
remote  launch  were  able  to  benefit  from  prior  experience. 

5.2.3  RANGE  REQUIREMENTS  DOCUMENT 

As  a result  of  the  planning  meetings,  Detachment  1 was  able  to  prepare  the 
Range  Requirements  document  needed  to  enlist  the  support  of  the  WSMR  photo- 
graphic, tracking,  and  communication  resources  in  connection  with  the  planned 
ALBS  drop  test.  That  document,  In  turn,  spawned  a WSMR  Operational  Directive 
(OD41418A)  which  outlined  the  support  actually  to  be  provided. 

The  Range  Requirements  document  (Operation  Requirement  No,  41418)  Is 
reproduced  in  part  here  (with  minor  changes)  to  summarise  the  test  environment, 
objectives,  and  time  schedules  selected  for  the  planned  ALBS  testi 

5.  2.  3, 1 Program  and  Mission  Information 

(a)  Test  objectives!  The  purpose  of  this  program  Is  to  air-launch  a high 
altitude  research  balloon.  This  will  be  accomplished  by  carrying  the  system  to  an 
altitude  of  25,  000  ft  on  a carrier  balloon.  When  in  position  over  WSMR,  a ground 
command  will  Initiate  the  drop  sequence.  It  is  anticipated  that  launch  of  the  carrier 
balloon  will  be  from  Truth  or  Consequence,  NM  so  that  prevailing  winds  will  drive 
the  system  over  WSMR  for  the  test. 

(b)  Drop  Sequence!  It  will  take  approximately  l hr  from  launah  at  Truth  or 
Consequences  for  the  carrier  balloon  to  be  In  position  over  the  50  mile  area  of 
WSMR  at  25,  000  ft,  When  in  proper  position  for  optloal  coverage,  a drop  oommand 
will  be  Issued  from  the  Balloon  Control  Center  at  HAFB.  The  ALBS  package  con- 
sisting or  a cryogenic  helium  unit,  a packed  42 -rt  parachute,  packed  air  launched 
balloon,  and  electronic  control  package  will  fall  from  the  carrier  balloon  deploying 
a 28-ft  chute  In  the  process,  At  T + 10  sec  the  pauked  42 -ft  parachute  is  pulled 
from  the  container  above  the  cryogenic  unit  by  the  28-ft  drogue  chute,  At  T + 20  seo 
the  air-launched  balloon  (ALB)  Is  pulled  from  its  container  atop  the  43 -ft  chute  by 
the  28-ft  drogue  chute.  After  the  ALB  Is  fully  deployed  as  verified  by  Detachment  1 
airborne  observer  and/or  range  TV  coverage  a start  inflation  command  will  be 
Issued  by  the  Balloon  Control  Center.  Inflation  will  take  approximately  5 min. 
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Thereupon,  command*  will  be  tesued  to  release  the  28 -ft  drogue  chute*  and  drop 
the  cryogenic  unit  on  three  32-ft  chutes,  Both  the  oarrler  balloon  and  the  ALB 
will  float  at  approximately  70  K ft  and  will  be  terminated  off  range,  probably  east 
of  the  Sacramento  Mountalna.  Using  standard  balloon  recovery  techniques,  all 
recoveries  will  be  accomplished  by  Detachment  1,  AFOL, 

3, 3, 3. 2 Vehicle  and  Payload  Information 

(a)  Air  launch  balloon  system  (ALBS)  descrtptloni  The  ALBS  consists  of  a 
carrier  balloon  <0,  603  MCF)  and  associated  HF  control  package.  Suspended 
below  the  load  bar  by  a nylon  strap  and  dual  separation  devices  will  be  a large 
wooden  box  containing  the  packed  air  launched  balloon,  42 -ft  parachute,  UHF  bal- 
loon control  system  for  airborne  Inflation,  and  three  (3)  32-ft  parachute*  for 
cryogenic  unit  recovery.  WSMR  supplied  C-band  transponders  will  be  flown  on 
both  balloon  systems.  A packed  28-ft  drogue  chute  will  be  attached  to  the  load  bar 
and  will  be  deployed  at  the  Initiation  of  the  system  drop.  After  ALBS  inflation, 
this  drogue  will  he  released  by  command.  The  cryogenic  unit  will  also  be  dropped 
after  inflation  and  be  recovered  on  three  (3)  32-ft  chutes.  These  two  items  will  be 
recovered  on  range  by  Detachment  1,  AFOL  personnel, 

(b)  ALBS  system  weights i Total  system  weight!  3023  lbs i 
ALBS  weight)  1770  lbs. 

(c)  Instrumentation!  The  carrier  balloon  will  utilise  an  HF  command  and 
balloon  control  package.  Telemetry,  downlink  will  also  use  an  HP' system.  The 
ALBS  will  utilise  a UHF  (420-440  MHs)  command  package  with  an  S-band  (2200- 
2300  MHs)  telemetry  system.  All  balloon  commands  and  telemetry  will  be  accom- 
plished by  the  Balloon  Control  Center,  Bldg  850,  HAFB,  NM, 

(d)  Vehicle  description!  Both  balloons  are  constructed  of  1.  5 mil  thick  poly- 
ethylene. The  oarrler  balluon  has  a maximum  inflated  diameter  of  128  ft  and 
weighs  614  lb,  The  ALBS  has  a maximum  inflated  diameter  of  72,  6 ft  and  weighs 
1 B0  lb. 

3.  2.  3. 3 Vehicle  Instrumentation  Systems 

(a)  Each  balloon  vehicle  will  be  equipped  with  standard  command,  control, 
telemetry,  and  destruct  systems,  These  systems  sre  provldad  by  AFQL,  snd 
opsratsd  by  the  AFQL  Balloon  Control  Canter  st  Bldg  B50,  Holloman  AFB,  In 
addition  to  providing  the  routine  balloon  altitude  control  functions  (ballast  drop  or 
hallum  relsuse),  AFOL  provtdas  certain  command  functions  to  fsctlitats  system 
drop,  inflation  start,  chuts  rslasae  and  cryogenic  unit  drop.  A command  and 
telemetry  van,  user  supplied,  will  bs  used  st  the  launch  site,  T or  C airport, 
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Actually,  the  drogue  was  to  b#  released  at  Tfl  + 3 min  (Author), 
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3.  2,  3, 4 System  Readiness  Procedures/Tests 


± Time 

Event 

Action  Agencies 
and  Remarks 

L - 7 day* 

Still  picture*  of  payload  build* 
up  at  Bldg  850 

Doc  Photo 

Transponder  at  Bldg  880  for 
Installation  on  payloada  and 
checkout 

WSMR/radar 

L - 4 days 

Transport  payload  to  launch 
site  Truth  or  Consequences, 

NM 

User /AFOL 

Install  range  Intercom  at 
launch  site 

User/Commo 

L - 1 day 

AFOL  aircraft  transits  range 
(Alamogordo  to  T or  C air- 
port) 

User 

L - 0 hr 

Begin  plbal  support  at  launch 
site  (T  or  C) 

Mot 

Still  and  motion  pictures  at 
launch  site 

Doc  Photo 

L - 3 hr 

Transponder  check 

Ueer/WSMR  radar 

L * 80  niln, 

All  stations  ready 

All 

L - 43  min, 

Inflate  balloon 

AFOL 

L - 13  min. 

Transponder  chock 

User/WSMR 

L - 0 min. 

Launch  balloon 

AFOL 

Begin  FPS-10  radar  track 

WSMR/radar 

Radar  plot  to  Bldg  830 

WSMR/chaln 

L + 10  min. 

AFOL  aircraft  take  off  from 

T or  C 

AFOL 

L + 1 hr 

Balloon  In  position  for  drop 
of  ALBS 

AFOL 

Optic  stations  ready 

WSMR/opttoa 

T - 5 min. 

Begin  countdown 

APQL/Balloon 
Control  Center 

T ~ 00  sen 

All  stations  ready  for  drop 

All 

T - 10  sen 

Digital  radar  begins  FP8-1H 

No.  1 

WSMR/radar 

•Start  telescope  cameras  at 

100  Tps 

WSMR/ optics 

T - 0 

A LBS  drop 

AFOL 

Toloacopes  follow  package 

WSMR /optics 

Radar  track  begins  on  ALBS 
(FPS-K)  No.  3) 

WSMR/radar 

T + 10  sec 

4 2 -ft  orange  and  white  deploys. 
Telescopes  track  chute  and 
package 

WSMR /optics 

31 


± Time 


Event 


Action  Agencies 
and  Remark* 


T + 20  sec 

T + 30  sec 

T + 35  sec 
T + 80  sec 

T + 3 min. 

T + 3 min. 

T + 6 min.  35  sec 


T + fl  inln,  30  sec 
T + 3 hr 

T + 3 hr,  30  min. 
T + 3 hr,  48  min. 

T 4 hr,  15  min. 
T + 8 hr 


Telescope  center  on  top  of 
42-ft  chute  for  balloon  deploy* 
ment 

Completion  of  air  launched 
balloon  deployment.  Tele* 
scope  center  on  balloon 

Command  Inflation  begin 

Digital  radar  complete 

Telescope  cameras  switch 
from  100  fps  to  30  fps 

Telescope  center  on  top  of 
balloon  for  drogue  chute  cut 

Command  drogue  chute  cut 
Inflation  complete 

Telescopes  center  on  lower 
package  for  cryogenic  unit 
drop 

Command  cryogenlo  unit  drop 

One  telescope  stay  on  cryo- 
genic unit  until  cluster  of  3 
chutes  open,  approx  30  aoc. 
One  telescope  stay  on  ALB 
until  T + 8 mln. 

Optics  complete 

Terminate  carrter  balloon  off 
range 

Balloon/payload  Impact 

Terminate  ALBS  flight  off 
range 

Balloon/payload  Impact 
Mission  complete 


WSMR/optloe 


WSMR/opttcs 


AFOL 

WSMR/  radar 
WSMR/optlcs 

WSMR /optics 

AFQL 

AFOL 

WSMR/optlcs 


AFOL 

WSMR/optlos 


WSMR/optlcs 

AFOL 

AFQL 

All 


5.3  Choice  of  Carrier  Balloon 

During  the  latter  half  of  1977,  tt  had  been  assumed  that  the  carrier  balloon 

would  be  from  the  SF128-200-TT  aeries.  This  balloon  model  has  a nominal  ex- 

3 3 

ponded  volume  of  0.803  million  ft  (22741  m ) and  has  a recommended  maximum 
payload  capacity  of  2200  lb  (978SN),  It  weighs  approximately  800  lb  (28B9N).  How- 
ever, as  a result  of  the  planning  meetings  at  Detachment  1 in  which  the  weights  of 
the  carrier  balloon's  load  bar,  ballast  hoppers,  range  communications  packages, 
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and  the  like  were  added  to  the  new  weights  of  the  ALBS  module,  it  appeared  that 
the  estimated  total  weight  on  the  carrier  would  exceed  the  recommended  2200  lb 
payload  by  approximately  225  lb  (1001N).  (See  Table  2.)  This  raised  the  spectre 
of  carrier  balloon  failure,  Additional  planning  meetings  at  AFQL  led  to  the  decis- 
ion to  employ,  Instead,  a special  double-walled  balloon,  model  SF  118.  86-150 
DWR,  left  over  from  the  earlier  POBAL  (Powered  Balloon)  tests  at  AFQL, 

The  POBAL  balloon  Is  a much  heavier  balloon,  weighing  77(1  lb  (3452N),  but  It 
has  a recommended  carrying  capacity  of  5,  000  lb  (22240N).  Its  expanded  volume 
la  0.  711  m ft3  (20135  n.3).  With  the  enhanced  lifting  capacity,  It  was  possible  to 
plan  for  400  lb  (1779N)  of  ballast  Instead  of  the  200  lb  (B90N)  (maximum)  permitted 
with  the  ea:  tier  balloon /payload  configuration.  The  extra  ballast  would  affo,  d 
greater  flexibility  In  positioning  the  system  over  the  target  area  and  w^uld  aid  In 
the  subsequent  flight  of  tho  carrier  billoon  to  the  east,  after  dropping  the  ALBS 
module.  Then,  unexpectedly,  the  word  was  received  from  Detachment  1 thui  the 
only  launch  arm  capable  of  accommodating  the  POBAL  balloon  was  uul  of  commis- 
sion and  would  not  be  ready  for  the  January  ALBS  test.  This  led  to  a quick  survey 
of  previous  flight  histories  of  the  128-200-TT  balloon  using  heavy  payloads.,  The 
findings  are  tabulated  below  (all  flights  successful); 


Flight  No. 

Payload  (lb) 

N 

Free  Lift  (lb) 

N 

H 78-052 

2275 

10110 

283 

*259 

H 72-077 

3800 

16902 

352 

1566 

H 68-007 

2000 

8896 

153 

681 

C 68-001 

2996 

1332  ' 

179 

706 

C 67-018 

2996 

13326 

J 78 

792 

C 67-026 

2995 

13322 

143 

636 

C 67-034 

24.6 

11102 

154 

685 

As  a result  of  the  above  histories,  the  . 8-200-TT  balloon  was  reinstated  as  the 
carrier  balloon  for  the  A LBS  drop  and  the  amount  of  droppable  ballast  ,vas  reduced 
to  the  original  200  lb  (890N)  figure.  As  shown  on  Table  2,  the  tentative  payload 
weight  was  2423  lb  (10778N);  gross  weight  was  3023  i *,  (13440N)  and  with  10  percent 
free  lift,  gross  Inflation  was  expected  to  be  3325  lb  (14790N). 


||l 

The  ALBS  module  had  acquired  appr  . xlmatelj  250  extra  pounds  (1112N)  of  weight 
as  various  contingency  modifications  and  reinforcements  were  added,  It  was  now 
"grossing  out"  at  approximately  1770  lb  (7873N).  (See  Table  3.) 
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Table  2.  Overall  System  Weights,  ALBS  Balloon  Drop  Teat  White  Sands  MlBslle 
Range,  NM  Jan  1978  (Estimated  Weights  vs  Measured  Weights 


Item 


ALBS  Module  and  28 -ft  Chute 

Load  Bar,  Double  Unistrut, 
(Including  All  Hardware) 

Ballast  Hoppers  <2  ea) 

Range  Pack  II,  (Minimum 
Batteries)  and  Backup  Pack 

C-band  Transponder 

Parachute,  f.  c.,  100-ft  dla. 

Durable  Ballast,  Qlasa  Beads 
ALBS  Release  Mechanism 

EV-13,  Strobe 


Subtotal  a. 

(Total  Payload  on  Carrier 
Balloon) 


plus  Weight  of  Carrier 
Balloon 

» Subtotal  b. 

Oross  Weight  at  Launch 


X 110  percent 
(10  percent  Free  Lift) 
= Cross  Inflation 


Estimated  Weight 

Actual  Weight 
Measurements 

Before  Launch 

(lb) 

(N) 

, (lb) 

(N) 

1770 

7873 

1812 

8080 

90 

400 

92 

409 

32 

142 

30 

133 

120 

534 

115 

512 

to 

44.  5 

25 

111 

201 

894 

190 

845 

200 

890 

200 

690 

... 

--- 

10 

44.5 

... 

... 

9 

40.0 

2423 

10778 

2483 

11044 

+809 

2708 

3023 

13440 

3092 

13753 

3325.3 

14790 

3401.2 

15129 

X 0.  87  Correction  Factor 
= Corrected  Gross  Inflation 


3225.  5 


14347 


3299.2 


14875 


Table  3,  ALBS  Module  Weights,  Balloon  Drop  Test  White  Sands  Missile  Range, 
NM  Jan  1978  (Estimated  Weights  vs  Measured  Weights) 


Estimated  Weight 

Measured  Weight 
at  Launch 

Item 

(lb) 

(N> 

(lb) 

(N) 

1.  <38 -ft  Drogue  Chute 

46 

205 

46 

205 

2.  200-ft  Extension  Line 

36 

160 

36 

160 

3,  Mlsc,  Hardware  on  Line 

20 

B9 

24 

107 

4.  Balloon  and  Associated 
Hardware 

200 

690 

230 

1023 

5.  Balloon  Pack  and  Linkage 

20 

B6 

6.  42 -ft  Main  Chute 

Assembled 

125 

656 

130 

576 

7,  Simulated  Comm.  Relay 

200* 

B90 

200 

aeo 

8.  Cryogenic  Unit,  Including 
Box  and  Liquid  Helium 

1003 

4431 

1079** 

4799 

9.  Reoovery  Chutes  for 

Cryo  Unit 

90 

400 

67 

298 

10.  Ballast 

30 

133 

0 

0 

1770 

7873 

1812 

6060 

See  para  8,4, 

Includes  three  Layers  of  Crushable  Padding  at  Base, 

8.4  The  Simulated  Tar  Ileal  Communications  Relay 

The  special  ALBS  balloon  procured  for  this  program  (Figure  3)  had  been  slseed 
to  take  a gross  load  of  575  lb  (2950N)  to  70,  000  ft  (21,34  km).  This  load  was  orig- 
inally to  be  apportioned  approximately  as  follows i 

balloon  and  end  fittings  200  lb  BOON 

tactical  communications  relay  (dummy)  200  lb  860N 

expendable  ballast  (10  lb  287N 

recovery  chute  35  1b  168N 

TM/Control  pack  80  lb  356N 

575  lb  255BN 

On  thlj  basis,  the  desired  lift  available  from  the  cryogenic  unit  during  the  mid 
air  inflation  was  specified  and  fixed  at  approximately  633  lb  (2816N).  This  would 
allow  the  balloon  to  support  Its  own  weight  (200  lb)  plus  375  lb  (1668N)  of  payload 
and  to  have  10  percent  excess  lift  to  insure  a normal  rate  of  rise. 
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As  hardware  waa  selected  and  assembled  for  the  January  flight,  however,  It 
became  necessary  to  revise  the  above  apportionment  drastically.  For  example, 
the  balloon,  strobe  light,  EV- 13  value,  termination  devices,  end  linkage  and  canvas 
balloon  container  — all  of  which  had  to  be  taken  to  altitude  — totalled  230  lb  (1Q23N) 
thus  reducing  the  available  payload  by  30  lb  (133N).  A further  major  reduction  had 
occurred  earlier  (see  footnote  * on  page  141  as  a result  of  the  need  to  take  the 
hardware-laden  42-ft  (12,  8 m)  main  chute  to  altitude,  This  chute's  weight  was 
measured  at  130  lb  (578N)  as  opposed  to  the  35  lb  ( 1 BON)  originally  allocated  for 
a recovery  chute,  The  UHF/S-Band  ALBS  TM/Control  pack  also  weighed  In  above 
the  estimated  value:  123  lb  (5S8N)  vs  80  lb  (358N)  estimated.  These  changes  led 
to  a tentative  new  weight  apportionment  for  the  January  flight: 


balloon  and  attached  hardware 

42-ft  main  chute’ 

230  lb 

1023N 

130  lb 

578N 

TM/Control  paok 

123  lb 

55QN 

ballast 

SO  lb 

400N 

573  lb 

2358N 

It  Is  clear  that,  even  with  the  ballast  eliminated,  that  there  waa  no  capacity 
left  for  a separate  200-lb  (880N)  dummy  communications  relay.  On  the  other  hand, 
It  waa  not  certain  that  the  sophisticated  TM/Control  pack  * ' ’ * required  for  an 
Research  and  Development  flight  would  be  needed  operationally,  at  least  as  a 
separate  Item,  Thus,  for  this  test.  It  was  decided  to  "create"  a 200-lb  dummy 
communications  relay  by  adding  75  lb  (334N)  of  ballast  to  the  125  lb  (5511N)  TM/ 
Control  pack  and  to  fly  tho  following  configuration: 


41 

Includes  Inflation  tube,  and  8-conductor  cable. 

The  UHF/S-Band  TM/Control  pack  was  prepared  for  controlling  the  midair  Infla- 
tion, release  and  subsequent  flight  profile,  Including  termination,  of  the  ALBS 
balloon.  It  also  telemetered  to  the  ground  station  the  outputs  of  sensitive  accel- 
erometers mounted  on  the  ALBS  module.  Tables  4a  and  4b  list  the  commands 
and  telemetry  characteristics  respectively,  The  electronic  components  were 
housed  on  removable  rack-mounted  panels.  That  assembly,  In  turn,  was  mounted 
Inside  a rugged  aluminum  framework  covered  with  styrofoam  Insulation  and  de- 
signed to  protect  the  pack  against  expected  ALBS  deployment  shock  loads  and 
subsequent  cold-soak  conditions  at  70,000  ft.  Overall  dimensions  were  approxi- 
mately 25  X 24  X 28  In.  (04  X 81  X 71  cm).  Four  (4)  shoulder  eyebolts.  1/2  In. 
dla.  (1,  27  cm)  were  added,  one  to  a corner,  to  facilitate  removal  of  the  pack  from 
the  box  above  the  cryogenic  unit  at  the  completion  of  the  ALBS  midair  balloon 
Inflation  process.  (Referring  back  to  Figure  21,  note  that  the  TM/Control  paok 
Is  located  at  the  bottom  of  the  Interface  box  beneath  the  space  previously  occupied 
by  the  packed  balloon  and  packed  42-ft  chute.  When  the  balloon  Is  full  and  ready 
for  ascent  to  float  altitude,  the  lines  securing  the  TM/Control  pack  are  cut  and  It 
slides  upward  out  of  the  box  and  Is  taken  to  altitude  at  the  base  of  the  collapsed 
42-ft  main  chute,  At  the  same  time,  3 ea.  T-10  chutes  are  deployed  from  the 
bottom  of  the  Interface  box  to  effect  recovery  of  the  box  and  cryogenic  unit.  The 
42-ft  main  chute  would  serve  as  recovery  chute  for  the  simulated  relay  paokage 
upon  termination  of  the  flight  of  the  ALBS  balloon.  This  consideration  led  to  the 
decision  to  cut  the  centerline,  to  insure  reopening  of  the  42-ft  chute.) 

(Note:  Continue  footnotes  f , and  1 on  page  58.) 
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Table  4a.  ALBS  Telemetry  Commands  (UHF) 


Command 

Command 

1 

TM  On 

13 

2 

TM  Off 

3 

0 Cal. 

14 

4 

2,  8 Cal. 

15 

5 

8.  0 Cal. 

fl.  

Spare 

18  . 

7 

Spare 

8 

Spare 

17 

0 

Add  Time 

i a .......  , 

10 

Beacon  on 

10  . . . . 1 , . . 

11 

Beacon  Off 

20  . . 

12 

10  A,  30  V,  Drogue 
Chute  Cut 

21 

10  A,  30  V,  Center 
Line  Cut 


tton  Hose  Cut 


Cryogenics 

2 A Qnd,  Closure 
Start  Inflation 


Spare 

Ballast 


Table  4b.  Air  Launched  Balloon  Telometry  (S-Band) 


PCM  Word 

1 Slg.  Strength 

2.  Temperature 

3.  Summing  Module 

4 O-IG  Psla 

8  0-2  Psla 

6  Accelerometer  No,  1 

7  Accelerometer  No.  2 

0.  Accelerometer  No.  3 

9  Spare 

10  Spare 

11  Spare 

12 , . Accelerometer  No.  4 

13  0-0,  fl  Psla 

14  Accelerometer  No,  1 

18 Accelerometer  No.  2 


PCM  Word 

1(1 Accelerometer 

17  Accelerometer 

18  ........  , Accelerometer 

19  . Accelerometer 

20  . . Ac.oelerometer 

21  Accelerometer 

22  Accelerometer 

23  ',  . Accelerometer 

24  Accelerometer 

28  . . Accelerometer 

2 0 Accelerometer 

27  .......  . Accelerometer 

28  Accelerometer 

29  , Accelerometer 


No.  3 
No.  4 
No.  1 
No.  2 
No.  3 
No.  4 
No.  1 
No.  2 
No.  3 
No.  4 
No.  1 
No.  2 
No.  3 
No.  4 
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balloon  and  attached  hardware 

230  lb 

1023N 

42 -ft  main  chute  attached  hardware 

130  lb 

578N 

mlsc.  hardware 

5 lb 

22N 

simulated  comm,  relay 

200  lb 

8 SON 

585  lb 

2513N 

The  resultant  gross  lood  was  kept  10  lb  (44,  8N)  under  the  planned  gross  of 
575  lb  (2508N)  to  allow  for  possible  minor  lift  deficiencies  In  the  midair  Inflation 
process, 


5.5  Hie  Need  to  Recalculate 

5.5.1  QENEHAL 

The  Increase  In  the  weight  of  the  ALBS  module  discussed  In  paragraph  5,3  cast 
doubt  on  the  continued  validity  of  system  deployment  planning  figures,  which  had 
been  calculated  In  the  summer  of1 1077  on  the  basts  of  a 1520-lb  ALBS  module 
weight,  Consequently,  In  November-December  1877,  a new  set  of  calculations 
was  carried  out  by  the  author, 

5.  5.2  MAIN  CHUTE  DEPLOYMENT  SHOCK 

The  7000-lb  main  chute  deployment  force  calculated  In  Appendix  C,  paragraph 
3.3.3  (and  verified  by  strain  gauge  measurements  at  the  NPTK),  was  the  first 
Item  checked.  This  farce  was  recalculated,  using  the  same  method  as  before  and 
substituting  a module  weight  value  of  1700  lb.  The  resulting  force  value  was 
8184  lb.  Although  the  g force  on  the  cryogenic  unit  remalnod  essentially  the  same 


^An  Interesting  design  problem  arose  here  In  conm  ctlon  with  the  TM/Control  pack's 
UHF  antenna  assembly.  The  antenna  was  a small  stub  arrangement  located  at  the 
end  of  a coaxial  coble.  It  had  to  be  kept  In  line  of  sight  of  the  ground  command 
station  at  all  times  because  certain  commands  (10,  20,  21)  had  to  be  capable  of 
being  carried  out  without  question  from  the  moment  of  launch.  This  meant  that 
ihe  stub  had  to  be  located  (In  the  early  part  of  the  (light)  below  the  cryogenic  unit 
which  otherwise  would  Interfere  with  the  reception  of  signals  from  the  ground, 
(Once  the  cryogenic  unit  was  dropped,  the  antenna  location  was  not  critical.)  A 
wooden  chute  was  devised  to  solve  the  problem.  It  was  attached  to  the  cryogenic 
unit  and  located  undor  a hole  In  the  large  interface  box  (see  Figure  21),  The 
styrofoam  encased  nntennn  would  be  at  the  base  of  this  wooden  chute,  and,  when 
the  time  came  to  extract  the  TM/Control  pack  from  the  Interface  box  the  antenna 
assembly  would  be  drawn  upward  out  of  the  chute  to  follow  the  TM/Control  pack. 

This  kind  of  sophistication  was  needed  In  the  January  flight  to  meet  FAA  and 
range  safety  requirements,  It  Is  likely  that  an  operational  version  of  the  ALBS 
would  rely  heavily  on  timers  for  Initiating  specific  functions,  thus  reducing  sys- 
tem wolght  and  complexity. 

^As  pointed  out  In  paragraph  5,  3,3,  3,  a different  unit  was  used  to  control  the  flight 
of  the  carrier  balloon  ana  to  Initiate  the  drop  of  the  ALBS  from  the  25,  000  ft  alti- 
tude. That  unit  was  the  standard  flange  Pack  II,  with  a back-up  pack.  It  used  HP 
signals  for  command/Control  and  TM.  The  two  paoks  were  mounted  on  the  load 
bar  of  the  carrier  balloon  (see  Figure  27). 
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(0g),  the  shock  on  the  doughnut  was  increased  from  21.  lg  to  24, 2g,  This  figure 
was  communicated  to  the  8311th  Teat  Squadron  v'here  assurance  was  given  that 
the  balloon  containment  bag  fabricated  for  the  January  test  had  been  reinforced 
and  should  be  able  to  withstand  the  increased  g load, 

3.  a.  3 SEQUENCE  OF  EVENTS  TABLE 

Using  the  programs  discussed  in  Appendices  C and  E (The  Contracting  Spring 
Program  (P-20),  the  Parachute  Opening  Program  (P4U),  the  Balloon  Extraction 
Program  P-13A,  and  the  Balloon  Inflation  Program  P-14B)  recomputations  were 
accomplished  for  the  completion  time*,  forces,  and  altitudes  of  the  many  steps  in 
the  ALBS  deployment  sequence.  In  general,  the  changes  were  not  major.  The 
velocities  and  dynamic  pressures  were  a little  higher  because  of  the  added  system 
weight  of  course,  but  no  change  appeared  capable  of  affecting  the  planned  deploy- 
ment significantly, 

The  revised  figures  were  incorporated  in  the  Range  Requirements  Document 
(see  paragraph  5. 2, 3)  and  are  summarised  in  Table  S, 

Notet  Table  3 shows  balloon  Inflation  beginning  at  tQ  + 28  sec,  whereas  para- 
graph 3.  2.3,  4 shows  it  beginning  at  tQ  + 33  sec.  With  the  later  starting  time, 
inflation  nequence  altitudes  on  Table  3 (and  on  Table  El  In  Appendix  E)  would  be 
reduced  by  approximately  330  ft. 

8.6  Pre-Launch  Preparation! 

The  week  of  6 January  1978  was  selected  as  the  make-ready  period  for  the 
launch  acheduled  on  Tuesday,  17  January.  The  goal  was  to  have  the  assembled 
payload,  all  vehicles,  and  all  personnel  at  Truth  or  Consequences  not  later  than 
Saturday,  January  14,  Thle  would  allow  two  days  (Sunday  and  Monday)  for  final 
preparations,  a period  which  would  seem  to  eliminate  the  need  for  last  minute 
haste.  It  would  also  allow  work  to  be  terminated  by  noon  on  Monday  to  permit 
personnel  rest  prior  to  rising  at  0100-0200  on  Tuesday.  This  goal  was  mot  and 
all  was  In  readiness  for  the  Tuesday  launch.  On  Monday,  the  probable  meteoro- 
logical conditions  for  Tuesday  were  reviewed  and  found  to  be  unfavorable  for  a 


The  final  aasembly  of  the  ALBS  module  required  a maximum  effort  on  the  part  of 
the  many  people  Involved,  The  preparation  of  the  42-ft  main  chute  was  a very 
time-consuming  Item.  In  addition  to  the  tanks  of  attaching  the  electrical  cable 
and  the  Inflation  tubing  assembly  to  the  suspension  linos,  there  was  the  new  task 
of  incorporationg  in  the  42-ft  chute  pack  Tenney  releases  for  severing  the  center- 
line  and  for  effecting  cryogenic  unit  release  at  the  end  of  Inflation.  This  task  had 
been  planned  on  paper,  but  accomplishing  It  physically  proved  to  be  an  arduous 
chore,  The  paoklng  of  the  balloon  In  the  doughnut  was  more  straightforward,  but 
the  details  at  the  top  and  bottom  of  the  balloon,  as  seen  In  Figures  15  and  22, 
required  much  time  and  patience.  Perhaps  the  most  difficult  chore  was  the 
(Continued  on  page  32) 


Table  5.  Sequence  of  Events.  ALBS  Mid-Air  Deployment  { 


launch,  A new  launch  date  of  Wednesday,  January  18  was  established.  That  date 
was  subsequently  changed  to  Thursday,  January  19,  because  of  another  unfavorable 
weather  forecast.  On  Wednesday,  the  forecast  for  the  following  day  was  favorable, 
and  the  Truth  or  Consequences  personnel  were  told  to  Initiate  launch  preparations 
early  Thursday  morning. 


8.7  Launch  of  the  Carrier  Balloon 

The  launch  crew  was  at  the  T or  C launch  site  by  0148  on  the  morning  of 
19  January  1978  (scheduled  launch  time  wan  0700),  An  hour  later,  the  ALBS 
module  and  all  of  the  other  flight  components  were  hung  on  the  load  bar  and  the 
latter  was  suspended  from  the  crane  to  be  used  In  the  launch,  (Allowing  for  8 ft 
(1.  82  m)  of  clearance  under  the  payload,  the  distance  from  the  ground  to  the 
attachment  point  on  the  crane  was  approximately  30  ft  (9. 14  m). ) (See  Figure  27, ) 
Normal  equipment  checks  and  command  checks  were  then  carried  out  successfully, 
The  dewars  of  the  oryogenlc  unit  were  filled  (Figure  28).  Oas  computations  were 
made  and  checked  for  a gross  load  of  3092  lb  (13.  7S3N)  (see  Table  2),  Inflation 
of  the  balloon  was  delayed  somewhat,  however,  commencing  at  0643,  At  0704  word 
was  received  at  the  Detachment  1 Control  Center  at  Holloman  AFB  (the  assigned 
mission  location  or  the  author,  as  project  officer)  that  the  inflation  had  been  Inter- 
rupted for  a short  period  to  repair  a tear  in  the  Inflation  tube,  Inflation  was  com- 
pleted at  0720,  amidst  comments  from  the  launch  crew  that  the  balloon  appeared  to 
have  an  abnormal  shape  (Figure  29),  (Later  analysts  Indicated  that  the  unsymmet- 
rlcal  shape  noted  was  normal  for  the  128T  balloon. ) Launch  occurred  at  0734.  * 

At  first,  the  balloon  started  to  rise  normally.  Then  It  settled  down  (Figure  30) 
and  the  payload  bumped  along  the  ground,  "Pour  Ballast"  commands  were  given 
by  the  launch  officer,  After  45  sec  of  ballasting,  at  a rate  of  34  lb  (151N)  per 


assembly  (for  the  first  time)  of  the  packed  balloon  and  main  chute  to  the  cryogenic 
unit  superstructure  along  with  the  TM/Control  Pack  and  the  3 T-10  recovery 
chutes.  This  turned  out  to  be  a measure-and-cut  operation,  particularly  with  re- 
spect to  the  Installation  of  the  many  required  restraining  lines  and  deployment 
lines.  Figures  23-26  Illustrate  some  of  the  assembly  operations,  The  cryogenic 
unit  Itself  had  come  from  Boulder  preassembled  and  required  only  the  addition  of 
a few  minor  components,  The  major  task  with  respect  to  the  cryogenic  unit  was 
the  filling  of  the  dewars  and  the  heating  of  the  packed  bed  of  aluminum  oxide, 

These  tasks  were  accomplished  at  the  T or  C site.  (See  Appendix  D. ) 

Cloud  cover  conditions  had  begun  to  deteriorate  during  the  balloon  Inflation  opera- 
tion. As  first  light  approached,  It  was  reported  that  a high  altitude  overcast  was 
present  over  T or  C,  Conditions  at  the  Balloon  Control  Center  were  also  worri- 
some, There  were  two  layers  of  broken  clouds  which  threatened  to  reduce  or 
eliminate  effective  camera  coverage  of  the  release,  However,  si  the  sun  rose 
higher  In  the  sky,  the  clouds  at  Holloman  began  to  dissipate.  At  0730  the  covorage 
was  3-fi  tenths  of  broken  altocumulue  clouds.  The  decision  was  made  to  launch 
anyway,  even  though  photo  coverage  might  bo  degraded,  (The  forecast  for  the 
jj  next  day,  which  proved  to  be  accurate,  was  for  stormy  conditions, ) 

I 
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Figure  23.  Assembly  of  Components  at  Base  of  Balloon. 
Sec  Figure  18  for  component  Identification 


Figure  24.  Assembly  of  Tenney  Releases  for  Cutting 
Centerline  of  42-ft  Main  Chute  and  for  Cryogenic  Unit 
Separation,  Note  Inflation  tubing  assembly  at  left 


Figure  20,  Attachment  of  Packed  Balloon  Containment 
Bag  (Doughnut!  to  Packed  42  - ft  Matn  Chute  Assembly 
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Figure  28.  Venting  of  Filled  Cryogenic  Unit 


Figure  20.  1.28-200-TT  Carrier  Balloon  at  Inflation 

no 
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Figure  27.  ALBS  Module  Suspended  From  CRrrler  Balloon  Load  Bar.  Other  load 
har  components  are:  left  to  right,  ballast  hopper,  C -band  transponder,  28  - ft 
drogue  chute,  range  pack  II,  back-up  pack  and  ballast  hopper 


$ 
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Figure  30,  ALBS  Module  and  Load  Bar  Components  Settling  to  Ground 

minute,  the  balloon  was  still  only  3 to  5 ft  <0.0  to  1.2  m)  off  the  ground,  (Some  of 
the  glass  beads  being  used  as  hallast  were  actually  falling  Into  the  top  of  the  ALBS 
module  and,  thus,  not  reducing  the  gross  load, ) The  balloon  and  payload  were  now 
drifting  eastward.  (There  was  no  communication  back  to  the  Balloon  Control 
Center  during  this  crisis.)  The  launch  officer,  suspecting  that  he  had  a leaking 
balloon,  and  fearing  that  the  payload  would  be  carried  down  Into  a deep  gulley  at 
the  edge  of  the  T or  C'  airport,  or  might  even  be  carried  over  to  Interstate  Highway 
2.3  to  the  east,  commanded  that  the  flight  be  terminated  via  the  HF  command  chan- 
nel. This  caused  a double  action  to  occur) 

(1)  The  residual  ballast  (approximately  173  lb  (77BN))  was  dumped  all  at  once, 
restoring  positive  buoyancy  to  the  carrier  balloon  which  began  to  rise  quickly. 

(2)  Twenty  sec  later,  the  carrier  balloon  and  the  unopened  In-line  100  ft  dla 
(30,  5 m)  safely  parachute  were  separated  at  the  apex  of  the  parachute. 

The  ALBS  module  was  approximately  70  ft  (21,3  m)  off  the  ground  when  separa- 
tion occurred.  There  wad  Insufficient  time  or  space  for  the  1 0 0 - ft  chute  to  be 
effective  and  the  ALBS  module  essentially  fell  freely  to  the  ground.  The  compres- 
sive loading  of  17  to  20g  was  too  much  for  the  vertical  support  members  of  the 
cryogenic  unit,  and  they  buckled  under  the  weights  of  the  loaded  superstructure 
(approximately  350  lb  (3789N))  and  the  load  bar  (approximately  375  lb  (1688N)). 


- » 


Figure  31  shows  the  damage  to  the  cryogenic  unit.  The  dewars  were  crushed  so 
badly  that  they  had  to  be  scrapped, 


Figure  31.  Crushed  ALBS  Cryogenic  Unit 


Prior  to  the  launch,  the  matter  of  cryogenic  safety  had  been  discussed  at  great 
length.  Although  the  unit  was  equipped  with  a pressure  relief  valve  (70  psl),  a 
remote  possibility  existed  that  the  valve  could  be  made  Inoperative  In  a crash  If 
the  unit  landed  In  a certain  way.  In  that  condition,  the  dewar  tanks  (If  they  had 
remained  Intact)  would  explode  when  the  temperature  raised  the  internal  pressure 
above  the  design  pressure  (2B0  psl).  To  eliminate  this  possible  hazard,  the  de- 
cision was  made  that  the  cryogenic  unit  would  be  activated  not  only  In  the  event  of 
a successful  deployment  of  the  system  at  altitude,  but  also  In  all  cases  of  failure, 
The  Idea  was  to  have  the  cryogenic  unit  land  fully  discharged.  In  the  Incident  just 
described,  the  "Start  Cryogenic  Unit"  command  was  not  given.  It  would  no*  have 
been  effective  even  If  It  had  been  given,  however,  because  full  discharge  requires 
5 min  and,  In  this  case,  the  unit  was  on  the  ground  about  23  sec  after  the  termina- 
tion command  was  given.  The  crash  ruptured  the  dewar  connections  and  the 
helium  vented  off  through  the  broken  lines  for  about  BO  min  after  Impact,  All 
personnel  stayed  clear  until  venttng  had  stopped. 
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The  load  bar  was  badly  bent,  but  the  components  hung  from  It  were  salvage- 
able (Figure  32).  The  cryogenic  unit  superstructure  was  moderately  damaged  but 
repairable,  The  components  mounted  Inside  the  superstructure  (42-ft  main  chute, 
balloon,  TM  pack,  T-10  recovery  chutes)  survived  surprlolngly  well  and  In  many 
cases  suffered  no  apparent  damage, 

It  was  later  determined  that  the  balloon  was  not  leaking  at  the  time  of  launch. 
It  had  simply  been  underinflated,  The  probable  cause  of  the  failure  was  human 
error  — failure  to  open  the  prescribed  number  of  tubes  on  the  helium  trailer,  a 
failure  which,  unfortunately,  went  undetected.  A lift  check  at  the  launch  arm  In- 
dicated underlnflatlon,  but  this  sign  was  not  acted  on  effectively  because  of  known 
calibration  problems  with  the  scale  In  question. 

It  Is  ironic  that  the  ALBS  module  was  destroyed  In  this  way.  Had  this  type  of 
launch  failure  (very  rare)  been  anticipated,  a simple  contingency  plan  would  have 
been  rehearsed  and  made  ready  for  uset  Exercise  the  HF  "Experiment  Drop" 
command  while  the  ALBS  module  Is  on  or  just  above  ground  level,  (This  would 
have  left  the  module  on  the  ground,  while  the  balloon  and  load  bar  rose.)  Alter- 
natively, if  the  launch  officer  had  known  that  he  had  an  underinflated  balloon, 
rather  than  a "leaker"  as  he  supposed,  he  could  have  continued  to  ballast  at  the 
regular  rate  or  even  have  dumped  alt  the  ballast  by  the  "Blow  Ballast"  command, 
This  would  have  allowed  the  flight  to  be  conducted  pretty  much  as  planned  (without 
the  controls  normally  afforded  by  ballasting),  or  at  least  to  have  been  terminated 
in  such  a way  that  the  unit  would  come  down  on  the  100-ft  chute  with  empty  dewars. 


3.8  Imp*ut  of  the  Launch  Ftllure 

The  unexpected  and  catastrophic  loss  of  the  one-of-a-kind  cryogenic  unit  had 
a severe  Impact  on  the  ALBS  program.  It  closed  out  the  current  flight  test  series 
abruptly,  leaving  many  questions  unanswered,  All  milestones,  subsequent  to  the 
January  flight  teat  date,  had  to  be  cancelled,  pending  the  making  up  of  a new  plan 
of  action. 

As  of  the  date  of  this  report,  plans  have  been  made  to  develop  a "hardened" 
follow-on  ALBS  module  suitable  for  an  aircraft  drop.  The  details  of  the  revloed 
system  configuration  will  be  the  subject  of  another  report. 
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6.  SUMMARY  AND  CONCLUSIONS 

This  report  has  described  the  preparations  for  and  the  results  of  the  success- 
ful ALBS  parachute  subsystem  qualification  tests  at  the  National  Parachute  Test 
Range  In  1977.  It  has  given  the  details  of  the  complicated  configuration  selected 
for  the  live  drop  test  of  the  complete  A LBS  prototype  over  the  White  Sands  Missile 
Range  In  January  1D78.  The  events  leading  up  to  the  WSMR  teat  are  related,  and 
the  unfortunate  launch  incident  which  led  to  destruction  of  the  ALBS  prototype  Is 
recounted,  Computations  and  analyses  in  connection  with  various  aspeots  of  the 
flight  test  program  are  given  In  the  Appendices  to  this  report. 

It  Is  the  author's  conclusion  that  much  useful  knowledge  relevant  to  the  stated 
goal  of  the  ALBS  program  has  been  acquired  in  the  testing  accomplished  to  date. 
Not  all  or  the  questions  were  answered  (coning  problem,  midair  inflation,  system 
effectiveness,  etc.)  but  on  the  other  hand,  there  were  no  Indications  that  the 
original  goals  cannot  be  met  with  continued  development  and  testing. 
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Appendix  A 

Load  Extraction  Fore*  Computation! 


1.  INTRODUCTION 

Thn  method  for  determining  the  deceleration  or  drag  forces  generated  during 
the  extraction  of  the  ALBS  teat,  vehicle  from  the  0130  delivery  aircraft  la  that 
employed  by  the  flBUth  Teat  Squadron,  AFFTC  for  Incompressible  flow,  It  Is 
described  In  AFFTC-TIM-75>5. 1 The  author  of  that  technical  memorandum, 

Mr.  Herbert  Seaman,  was  most  holpM  In  explaining  his  method  and  his  assistance 
Is  gratefully  acknowledged. 

This  method  does  not  take  line  stretch  forces  Into  account.  They  are  consider- 
ably lejs  than  the  extraction  chute  opening  forces,  and  can  usually  be  Ignored.  In 
the  case  of  tne  ALBS  tost  vehicle  extraction,  howevei,  '.he  lino  stretch  "Impulse" 

Is  believed  to  have  led  to  the  failure  of  teat  number  14  (see  paragraph  4 15,  main 
text).  Thus,  any  future  serial  extractions  of  the  ALBS  module  will  have  to  be 
planned  with  careful  consideration  given  to  the  effect  of  this  Impulse  on  first  stage 
component  survivability, 

The  reader  Is  asked  to  refer  to  paragraph  4, 15,  main  text,  where  the  normal 
load  extraction  sequence  Is  described.  The  discussion  which  follows  assumes  that 
the  ALBS  200-ft  drogue  extension  line  Is  fully  extended  and  taut  and  that  the 
unopened  28 -ft  rlng-sall  drogue  chute  has  just  been  extracted,  lines  first,  from  Its 


1.  Seaman,  H.  (1D7B)  Deceleration  Syetem  Trajectory  Equatlone,  AFFTC-TIM- 
75-5. 
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deployment  beg.  This  la  the  starting  point,  t , of  the  buildup  of  deceleration  3 

forces,  which  reach  a peak  shortly  before  the  extraction  chute  la  fully  open,  ] 

(Figure  19,  main  text,  shows  the  fully  open  extraction  chute  and  the  load  jutft  after  Vj 

being  pulled  off  the  ramp  of  the  C-130. ) 

Before  any  calculations  are  made  the  bailc  equations  Involved  will  be  pre- 
sented  and  the  rationale  behind  the  program  developed  to  assist  In  the  calculations 
will  be  explained. 

Notei  The  Seaman  memorandum1  covers  compressibility  effects  and  drag 
coefficient  variations  with  speed,  These  effects  are  very  pronounced  as  the  speed 
approaches  Mach  1.  At  the  ALBS  extraction  speeds  (0,32  M),  however,  these 
effects  will  be  ignored  In  the  calculations. 
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2,  BASIC  EQUATIONS 

Notei  The  material  In  this  section  was  obtained  from  AFFTC-TIM-75-S,  1 

2.1  Definition  of  Terms 

T Temperature,  Absolute,  Degrees  Ranktne  (°R) 

T0  Temperature,  Absolute,  at  H •=  0 (Standard  * 518.  (188  °R) 

P Pressure,  lb  ft"*® 

PQ  Pressure  at  H » 0 (Standard  2118.  21(1  lb  ft-2) 
p Density,  Atmospheric,  lb  sec2  ft"4 

p()  Density  at  II  •-  0 (Standard  0.0023780  lb  sec2  ft “4) 
g Gravitational  Constant  32.  17405  ft  sec"2 

H Gas  Constant  for  Dry  Air  171(1.  5 ft2  sec"2  °R'1 

a Temperature  Lapse  Rate  (Standard  - 0.00358(11(1  °R  ft"1) 

n Dimensionless  Exponent  (Standard  5,2581) 

Cp  Dimensionless  Drag  Coefficient 

S Area  fl2 

W Weight  lb 

q Dynamic  Pressure  lb  ft"2 

D Drag  lb 

V Velocity  ft  sec’1 
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Vx  Speed,  Horizontal  ft  sec'1 

Vy  Speed,  Vertical  ft  sec’1  (up  Is  positive) 

t Time  sec 

H Altitude  ft 

w 

m Mass  9 ~ 

S 

2 

CDS  Drag  Area  ft 

2.3  Derivation  of  Equatloni 

2.  2, 1 BASIC  EQUATION 

Newton's  second  law  of  motion  states  that  the  acceleration  of  a body  la  propor- 
tional to  the  foroe  exerted  on  the  body,  and  Inversely  proportional  to  the  mass  of 
the  body  (a  • F/m).  The  drag  force  (D)  on  an  aerodynamic  deceleration  system  Is 
the  product  of  dynamic  pressure  (q)  and  the  drag  area  (CDS)  where 

D « qCDS  . (Al) 

The  drag  force  is  opposite  In  direction  to  the  velocity  and  can  be  conveniently 
separate^  Into  orthogonal  coordinates.  The  acceleration  In  the  horizontal  plane  Is 
AVy/At,  and  in  the  vertical  plane  Is  (AV  /At  + g).  Using  Newton's  second  law  and 
Eq.  (Al),  and  referencing  the  following  diagram,  the  drag  force  can  be  expressed 
as  1 


D = qCDS 


AV  /At  (AV  /At  + g) 

m ~o»f  ' m sfel 


(A2) 


For  the  purposes  of  this  memorandum,  g (acceleration  due  to  gravity  at  a point)  Is 
considered  equivalent  to  Q (gravitational  constant).  Mass  can  be  expressed  In 
terms  of  weight  and  the  acceleration  due  to  gravltyt 
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m = W 
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From  the  previous  diagram  i 


„ V 
sin  0 « 


Substltuttng  (A3),  (A4),  and  (AS)  In  (A3)  and  rearranging  terms  results  In  the  baste 
trajectory  equations! 


qcDsg 

*vx  ‘ ■ “W“  Vx 


qcnsg 

AVy  Vy  At  - g At  . (A7) 

A step-by-atep  determination  of  distances  and  speeds  can  be  calculated  for  sequen- 
tial positions  separated  by  timet 


^ (v^8) 

v,  -y0*«  (v^)  ■" 


Vv  = V„  + AV 
*1  *0 


V » V + AV 
yl  y0  y 


Note  that  the  term  gq/V  appears  In  (A8)  and  (A7),  The  following  are  standard 
relations  hips  i 

q = j p VS  (/ 


ref  3 


ref  3 


(A  1.3) 

(A  14) 


Substituting  (A  13),  (A  13),  end  (A14)  into  the  common  term  gq/V  resuite  ini 

¥ • IT0  * *HI"'‘  v • «>» 
“T0 

Set 

Pftna  -ia 

K . -li.-.  (standard  day  K « 1. 00586  X 10  lJ)  , 

3T0n 

Then 

■ K(T0  - aH)""1  V . (A  18) 

Substituting  (A  18)  in  (A 6)  and  <A7)  results  ini 


CnS  _ . 

AVx  “ ■ Hr  K(To  ■ ,H>  vvx At 

AVy  . - ^ K(T0  - aH)n-1  VVy  At  - g At  . 


(A  On) 

(A  7a) 


It  It  la  seen  that  for  the  general  case,  the  terms  CqS,  W,  K,  TqI  a,  n,  At,  and  g are 

oonstenta,  The  variables  aro  H,  V„,  and  V„.  These  forms  of  the  equations,  with 

f X J 

(A 8),  (AO),  (A10),  and  (All),  lend  themselves  very  well  for  use  in  programmable 
| calculators.  However,  It  should  be  noted  that  the  use  of  (A13)  limits  these  equa- 

| tions  to  altitudes  below  the  stratosphere  (H  < 30086  ft),  Also,  the  use  of  (A  13) 

> * limits  their  use  to  incompressible  flow, 


3,  Standard  Atmosphere  — Tables  and  Data  for  Altitudes  to  65,  800  ft  (1655) 
National  Advisory  Committee  for  Aeronautics,  Report  No.  1235. 


8.  PROGRAM  DEVELOPMENT 


To  develop  a workable  deceleration  trajectory  program  for  deek  top  or  hand- 
held calculators  one  must  resort  to  iterative  techniques,  Seaman's  Eqs.  (AS) 
through  (All)  are  ideally  suited  to  this  method  of  calculation,  in  that  they  generate 
successive  new  values  of  the  varlablo  parameters  from  a knowledge  of  the  previous 
values  and  of  the  incremental  changes  in  those  values  over  a specified  short  time 
Interval,  At.  The  changes,  of  course,  are  derived  from  Eqs.  (A6a)  and  (A7a). 

Thus,  if  one  knows  the  initial  values  of  the  three  specified  variables,  Vx  , 

Vv  . end  H , one  can  readily  calculate  (via  appropriate  programming)  the  values 


Vy  , and  Hj  for  the  moment  when  t ■ tQ  + At. 


The  new  values  are  then  used 


V*j, 

in  Eqs.  (Ada)  and  <A7a)  to  develop  the  changes  in  horizontal  and  vertical  velocity 
over  a 2nd  identical  time  interval.  From  these  changes  the  program  generates 
still  another  set  of  Vx,  Vy  and  H values  < Vx  , Vy  , Hg),  This  process  is  repeated 
until  the  parachute  is  fully  open  and  peak  extraction  foroes  have  boen  developed. 

Thus  far  we  have  discussed  only  the  three  variables  Vx,  Vy,  and  H.  Actually 
there  are  several  more  variables  involvedt  q,  V,  p,  S,  x,  and  of  course,  D,  the 
deceleration  force  which  we  are  trying  to  determine, 

Referring  back  tu  Eq.  (Al)  we  see  that  D * qCQS,  that  is,  the  deceleration 
force  (drag)  la  the  product  of  the  dynamic  pressure,  q,  and  the  effective  drag  area, 
Cq3.  Cp  is  assumed  constant  here  but  S,  the  parachute  area,  is  a function  of  the 


degree  to  which  the  chute  has  opened, 
linearly  from  a value  of  0,  when  t « t 


The  area,  3,  la  assumed  to  Increase 
to  a maximum  value,  SQ,  when  t » t 


f 


(tf  • parachute  opening  timo).  It  must  be  understood,  therefore,  that  the  value  of 
the  term  S in  Eqs.  (Ada)  and  (A7a)  is  the  instantaneous  valuo,  S^,  as  determined 
by  multiplying  the  term  SQ  by  the  ratio  of  the  elapsed  time  to  the  parachute  opening 
time,  that  Is,  3^  ■ SQ  • t/tf. 

The  opening  time,  tf,  of  the  extraction  chute  is  generally  .mown  from  previous 
experience.  (For  the  28 -ft  ring  slot  chute,  tj  ts  assumed  to  be  about  0.7  sec). 

The  elapsed  time,  t,  is  calculated  by  summing  the  time  intervals  since  time  zero. 
For  example,  If  At  » 0. 05  sec,  at  the  end  of  the  4th  Interval  the  elapsed  time 
would  be  4 X 0. 05  or  0,  2 sec,  and  the  parachute  would  be  3/7ths  open. 

The  other  variable  tn  Eq.  (Al)  is  q,  dynamic  pressure,  which,  in  turn,  is  a 
function  of  atmospheric  density,  p,  and  the  square  of  the  total  velocity  vector,  V 
(see  Eq.  (A12)).  Both  p and  V are  variables.  Changes  in  p are  accounted  for  by 
assuming  a standard  atmosphere  and  substituting  newly  generated  values  of  H in 


area  is 

the 


The  maximum  parachute  area  is  known  as  the  reference  area,  S . This  a 
found  from  the  equation  Sn  «•  »D*/4,  where  D„  is  the  nominal  diameter  of  I 
parachute, 

**AFFTC -TIM-75-5  contains  a method  for  relating  actual  or  "test  day"  atmospheric 
conditions  to  the  standard  atmosphere,  tf  so  required. 


I^,"‘  fKvi'-t)'  u ii,-' .11'  ti  \ 


Eq.  (A6a)  and  (A7a)  before  each  use.  Changes  In  V are  aocounted  for  by  finding 
the  new  values  of  Vx  and  V as  explained  above  and  using  them  to  get  a new  value 
of  V through  the  relationship!  V « Jv£  + V* . The  new  values  of  V so  derived 


of  V through  the  relationship)  V « yV*  + V* . The  new  values  of  V so  derived 
are  used  each  time  Eqa,  (A 8a)  and  <A7a)  are  solved. 

Although  "q"  does  not  appear  in  Eqs.  (A6a)  and  (A7a),  It  Is  customary  to  In- 
clude dynamic  pressure  In  the  printout  of  the  trajectory  calculations  so  that  the 
solution  of  Eq,  (Al)  Is  carried  out  by  the  program  for  each  Iteration.  X,  the  hori- 
zontal distance  traveled  by  tne  system,  is  solved  by  Eq.  (A8)  and  the  cumulative 
values  of  X are  also  printed  out. 

Figure  A 1 Is  a flow  diagram  of  the  program  developed  by  the  author  to  perform 
the  trajectory  computations  on  the  calculators  available  to  him, 


4.  FORCE  CALCULATIONS 

The  aircraft  veloaity  at  time  of  release  is  established  by  the  flight  plan.  This 

is  taken  ns  V,  the  total  velocity,  and,  at  release,  V»  » V,  Vv  » 0 at  this  point. 

o * o 

Altitude,  HQ,  is  also  known  from  the  test  plan.  Thus,  If  we  assume  that  the  air- 
craft la  at  28,000  ft,  e.  a.  a.  » 130  kt,  we  have  established  Vx  at  130 / \/6. 4480  X 
l.  080  or  327.  8 f/sec  (99,  02  m/see),  where  p/pQ  or  a for  25,  000  ft  ■ 0.  448(1, 

With  Vv  , Vv  , and  if  known,  and  with  t.  and  At  established  at  0.  7 sec  and 
0.08  sec  respectively,  we  can  now  use  our  program  to  calculate  the  deceleration 
forces  Involved  for  a 28 -ft  ring  slot  extraction  chute.  (CD  « 0.  88. ) The  total  sye- 
tem  weight  will  be  taken  at  1820  lb,  The  results  are  printed  below  In  Table  Al. 
Note  that  the  maximum  force,  0813,  74  lb,  occurs  when  t » 0.  0 sec. 

Table  A2  shows  the  forces  gsnersted  by  the  32 -ft  ring  slot  parachute  with  the 
earn*  opening  time  and  airspeed.  The  system  weight  snd  height  have  been  changed 
to  1810  lb  and  10,  000  ft,  respectively.  II  can  be  seen  that  the  calculated  decelera- 
tion force  for  the  32-ft  chute  Is  slightly  higher  than  that  for  the  28-ft  chute,  despite 
the  difference  In  altitude,  Normally,  the  deceleration  force  decreases  with  a de- 
crease in  altitude.  For  example,  the  maximum  force  for  the  28 -ft  chute  at 
10,  000  ft  all  other  conditions  unchanged,  Is  about  8700  lb, 


* 


j 

i 


Table  Al.  Trajectory  Calculations,  28 -ft  Ring  Slot  Drogue  Chute 


t (») 

t/'r 

X(«) 

. _ _ 

vvm/.) 

Vxlft/4) 



vcrt/Hi 



mm 

cDVrtJ> 

q(P"f) 



KUbf) 

Humarka 

. 00 

0 

0 

c 

1131.83 

327, 82 

29,  000 

0 

67,30 

0 

. on 

.0114 

10.  3 64 

- 1. 000 

331.  83 

327, 82 

an.  000 

24.  IB 

57.30 

1388.  07 

»(1  38  ft 

. 10 

. 1430 

02.  590 

- 1.203 

32(1.  3ft 

32(1.  3(1 

24000.00 

48.38 

SO.  TO 

3141.48 

. in 

. 3143 

48,  004 

- 4.7(10 

323.4ft 

323, 40 

24000. 84 

13.  ST 

65.  in 

404B,  50 

CD  .SB 

. 20 

. 2«n7 

(14.4  84 

• 0.205 

31 P.  17 

a 10.  30 

24000,  114 

011,  7(1 

r>4,  33 

5258.77 

. 25 

.351! 

80.  00 

- 7.7(10 

313.(11 

313.07 

24000.  3(1 

120.  Oft 

52.  4(1 

(1345.  32 

. ;»o 

. 430(1 

on.  i4n 

• n.  ib:i 

30C.H0 

307,  00 

24000.01 

14ft,  14 

fto.  an 

7208.  U7 

W 1520  lb 

, 36 

. noo 

ion,  boo 

•10. 528 

200. 10 

200.33 

34DDH,  SO 

1(10,33 

41, 18 

8000.  04 

.40 

.51!  4 

124.  107 

• 11.  ao:i 

200,  (14 

21)0,  H3 

24O0H.  10 

103,  52 

4ft.  10 

Q72U.  25 

.40 

. 0420 

1:1(1.  03ft 

■13.004 

281.42 

28 1. 117 

24007.  34 

217, 71 

42.  30 

0210.  30 

If  0.1  H 

, no 

.114:1 

15!  ,.157 

-14, 1:10 

271.  Ill) 

272.00 

3400 (i.  D2 

341. DO 

30.4ft 

0543, 54 

. n a 

. 11157 

1(14.  181 

•1ft, 183 

2(11.(11 

2(11.00 

2400(1,  24 

2HH.  00 

3(1.  (10 

073 U,  7(1 

. HO 

. 857 1 

17(1.  48H 

-in.  mi 

201.33 

2ft  l.  711 

2401)5.  ftl 

3DU.  88 

33.  81 

0813. 74 

VjEAS  130  kt 

. on 

. 020(1 

1 HH.  370 

•17.  OBI 

240,07 

241.  51 

24004. 72 

314.41 

31.11 

0781. H2 

.70 

1,0 

inn.  5ft7 

• 17.  037 

235,(11 



231.28 

24003, 00 

33  a.  mi 

28.  03 

- ........ .j 

0(101,  16 

Table  A2.  Trajectory  Calculations,  32 -ft  Ring  Slot  Drogue  Chute 


t U) 

t/'r 

X (0) 

Vy(flM) 

v^ri/,0 

vm/ii 

mm 

c i)si<r,2> 

n (par) 

IXlbf) 

Hfm.rkrt 

.00 

0 

0 

0 

256.  4(1 

3SS.  4ll 

10,030 

0 

57,  30 

0 

,0ft 

.0714 

12,  7 <*4 

- 1.  (1087 

2 ft  ft.  4(i 

an:.,  4u 

IO.OOU 

31.  (10 

57.  30 

1810.311 

D0  33  ft 

. 10 

. 14288 

2ft.  10(1 

- :i  ini 

3.U.:,. 

2 53.  54 

o.inn,  no 

hi.  in 

Ml.  44 

35(18.  40 

.n 

. 314  1 

.17.  lift:. 

• 4.  7 U 

341'.  1.1 

240.  7 7 

OIM'O.  H4 

1'4.  70 

ft4.  77 

SIM,  31 

C „ .58 

. 20 

. a nr. 7 

IP.  i»HO 

- »».  204 

244,21 

244.  20 

fiooo,  h4 

12H.  38 

52.  38 

882", 43 

• IS 

. «.VM 

ill . I in 

- 7.  ‘.ns 

217.  1" 

237.  2ft 

1'OlMl.  37 

131.  U« 

40.  42 

7 HOT , 44 

■uni. 

72.  "1 

- H.  11"  . 

22H.  Hi: 

228.  *»8 

, (1^ 

1117.  ft  7 

4 0.  04 

0727.  H4 

\s  1610  lb 

. r, 

. MIC 

H (.  2 HO 

• 10.  100 

2 IP.  ft 7 

210.  7ft 

900 H,  M 

221.  P 

4 2.  40 

».1TB,  3B 

I . 40 

. ST  14 

»'  < . .00 

•11.  3118 

301',  "» 

200.  84 

0000.  H 

2 ft  2 . 7" 

3 8.  87 

0773.  25 

' 4 :' 

. *5420 

10  (.  1 !'•( 

-12. 221 

100. 21 

inn.  v« 

1*007.  ill) 

2H4.  n* 

ft  4.  j((J 

0040. 41 

tf  0.  1 » 

■ ’I’ 

. 7U< 

1 12.  *«:•; 

• n 14" 

1 MB.  Oft 

180.  04 

0007. 02 

ft 1 ft.  Oft 

ftl.  .1(1 

0013,  01 

! , ■.> 

. 7H‘i? 

131. PI 

• It.  O'*  . 

170. 12 

;?«.  no 

1>I*9'».  .18 

»4  7,  ftft 

20.  01 

07)6.  15 

VjEAS  130  kt 

j . 1.0 

.8*71 

12”.  1 -2 

-14,  1'." 

1-7.  70 

1 «i».  <7 

"00ft. 70 

370.  1ft 

24.  HO 

9438.  00 

■ 

. I»2B'* 

1 Us  HOI 

-Is  470 

1 >7 . 77 

1 '*8.  4H 

<111114,  ft;i 

410,  24 

2 2.  Oft 

006  7.  2H 

i . ?c 

L 

1.0 

U 1.  >'ill 

.1:11. 

1 411.  17 

14H.  "(1 

’.'■■"4.23 

442.  14 

10.  40 

8*121,  IIM 

i ? 

! f 


‘J 


i 

i 
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Using  contents  of  Reg,  11,  II,  01,  00, 
compute i 4V 

X1  -(Xo  * «<V  ~>) 


10.  Using  contents  of  Rsg.  2),  24,  02, 

compute,  _ 

-4p  • it  |i-Vy  ) (— rj£|i  • 

STORE  In  Reg.  1)  (SBE  NOTg  1) 

11.  Using  contenti  of  Reg.  2)  I 24  compute! 

■ K0>*(-4v) 

STORE  in  Reg.  24  snd  14 


7V.|iM  V.JU  ».-*  ' • . > 


:-.VY7..  vi-J-imv.  .-t-Pintf 


(output a for  . 

t ■ .OS,  .10,  .IS,  etc.) 


NOTE  li  Thlt  *qu«t Ion  wn  uaad  lnataad  of  Saanan'a  (quit ion 
(V)  to  generate  now  vtluot  of  H. 

(Hj  * ll0  - Adji  Hj  ■ Hj  - Allj)  etc.) 

NOTE  2i  rhu  prograa  to  normally  run  until  t/tf  > 1.0. 

uoro  0DSL*  C|,So.  If  program  la  run  beyond  thin 

point,  t.|.,  to  point  whora  ayattai  la  vortical, 
atop  1 of  SUM  1001  la  onlttod  and  PQ  la  ubtalnad 
by  multiplying  q by  CDSo. 


00 

aifi  n 

29 

D0(ft) 

4 

01 

* 

BAS (It) 

V0,  Vj,  ...  , (fp») 

02 

• OS 

6t  (.) 

n/c 

OS 

• 

w (110 

n/c 

04 

* 

tf  (0 

V "o, <lb'> 

OS 

0 

06 

• 

H«  C/t) 

Hj,  H2,  ...  , (ft) 

07 

,55 

CD 

C„Si  (ft2) 

OS 

-« 

% 

09 

0 

*,,  X2,  ,,,  (ft) 

10 

-- 

Vo  (ft2) 

11 

0 

-6VX  (fpa) 

|] 

\ 

V,  . V (fpa) 

«1  Xj 

IS 

0 

(•4H)  (ft) 

14 

-- 

WORKING 

IS 

•• 

WORKING 

16 

579,595 

To(°0) 

n/c 

17 

,0035615 

* (°R/ft) 

n/e 

18 

.0011995 

^ (alugb/ft3) 

n/c 

19 

4.2351 

n- 1 

n/c 

20 

1,05555  9 10'13 

k 

n/c 

21 

52.174 

» (*w) 

n/c 

22 

-- 

(T0-aH)  (°R) 

23 

0 

(-6Vy)  (fpa) 

24 

0 (Vv  ) 

In , 

(-V„  ) (fpa) 

yl 

•Varlablo  oanuol  Input  (all  othor  Inputa  ora  entered  nyprogrem) 


Figure  A 1,  Trajectory  Program  How  Diagram 
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Determination  of  the  Minimum  Drag  Pore*  Naadad  to  Allow  the 
DroQut  Chut*  to  Extract  tha  Packed  Balloon  from  It*  Container 
at  tha  A pax  of  tha  Main  Parachute 


1,  CONDITION* 

The  deacei  ding  drogue  and , main  chutes  are  both  open  and  connected  to  eaoh 
other  by  the  200-ft  drogue  extension  line,  The  packed  balloon  rides  at  the  apex  of 
the  main  chute,  The  payload  and  simulated  cryogenic  unit  are  at  the  base  of  that 
chute.  Kxtr-etlon  commences  when  the  drogue  Is  detached  from  the  main  chute 
and  pulls  on  the  balloon  Instead, 


2,  KATION-tbK  (SDMMAKI/KI)  KKOM  AF«il.TK-76  0196)i 1 

(a)  The  totnl  weight  which  the  drogur  must  support  at  the  end  of  the  balloon 
sxtructlon  step  (stage  3)  Is  the  sum  of  the  weights  of  the  drogue  chute  Itself,  the 
200-ft  extension  line,  the  miscellaneous  hardware  attached  to  that  line,  the  fully- 
extended  balloon  and  Its  end  fittings  (Items  1 through  4 on  Figure  CB,  In  Appendix  C). 
(Tho  remaining  weight  of  the  suspended  system  Is  borne  by  the  main  chute. ) 

(b)  The  minimum  drag  required  of  the  drogue  chute  Is  equal  to  the  total  weight 
supported  by  It  at  the  end  of  the  extraction,  plus  a reasonable  saFety  margin,  for 

^See  paragraphs  3,2.3  and  3.2.5  matn  tex 

1 . C’arten  A,  S.  Jr.  ( 1 07(1)  The  Flight  Test  Aspects  of  the  Air-l.aunched  Balloon 
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example,  80  lbf  (267N).  If  the  drogue  cannot  generate  this  minimum  value  of  drag, 
U jhould  not  be  used. 

(e)  Although  the  drag  produced  by  the  drogue  chute  ie  sharply  degraded  at  the 
start  of  the  balloon  extraction  (see  Appendix  C),  it  increases  steadily  as  the  balloon 
Is  pulled  out  of  its  container,  The  drag  is  at  a maximum  when  the  balloon  is  fully 
out  and  taut.  At  this  point,  the  two  parachutes  (drogue  and  main,  separated  by  the 
200-ft  drogue  extension  line  mid  the  102 -ft  long  balloon)  are  assumed  to  be  acting 
as  a single  system,  The  actual  drag  of  the  drogue  can  then  be  computed  on  the 
following  basist 

The  maximum  drag  produced  by  the  drogue  equals  the  system  drag  at  equi- 
librium velocity  (see  paragraph  <e)  and  (f)  below)  times  the  ratio  of  the  drogue  drag 
area  to  the  total  system  drag  area,  that  la,  to  the  sum  of  the  drag  ureas  of  the 
main  chute  and  the  drogue  chute. 

(d)  The  resulting  value  of  drag  Is  the  one  selected  to  compare  against  the 
minimum  drag  requirement  specified  in  paragraph  (b)  above.  If  too  low,  a new 
drogue  chute  must  be  selected.  (See  section  B3  for  actual  calculations,) 

(e)  System  drag,  at  equilibrium  velocity,  is  equal  to  the  total  system  weight. 

(f)  System  equilibrium  velocity  (Ve^)  at  a given  altitude  is  determined  from 
the  formula! 

1/2 

VeH  3 I" pmsl  77c~S~)  1 

L 2 ffH  (CDSo'maxJ 

where 

W » total  system  weight, 

pmsl  * sea  level  density, 

a 0.002378  slugs/ft3  (1.225  kg/m3), 

oH  3 density  ratio  for  altitude  H, 

(CnS„) ° maximum  system  drag  area  or  effective  area  (see  paragraphs 

d o max  {h)  Bnd  (t)i 

(g)  Dynamic  pressure  at  altitude  H,  q^,  Is  determined  from  the  equation! 

VeH2  • 

(h)  C;.  (coefficient  of  drag)  for  a ring  slot  chute  Is  taken  as  0.  55,  For  a ring 
sail  chute,  it  is  taken  as  0.78.  CD  for  the  system  or  "array"  is  calculated  from 
the  formula 
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r l£pfoWogue  * ^CPSo^M«tn 
°A  ^So*Main  + ^o^Drogue 

*D* 

(i)  SQ  » reference  area  of  a parachute  ■ -3— 
where 

D • the  nominal  diameter  of  the  chute, 
o 

3.  CALCULATIONS 

(a)  Total  weight  supported  by  the  3 2 -ft  drogue  (at  the  end  of  the  balloon 
extraction)  (sec  Section  2)t 

Item  Weight 

32-ft  (9.  76-m)  lightweight  drogue  36  lb  (ICON) 

200 -ft  (61-m)  extension  line  36  lb  (160N) 

mlsc.  hardware  20  lb  (89N) 

balloon  and  end  fittings  200  lb  (BOON) 

Total  Weight  292  lb  (12B8N) 

(b)  Minimum  drag  requirement)  Let  the  "reasonable  safety  margin"  be  60  lb 
(207N),  Then,  minimum  drag  requirement  = 292  lb  + 60  lb  * 352  lb  (15G6N), 

(c)  Let  the  total  system  weight,  as  determined  from  weight  measurements  of 
the  test  vehicle  components,  be  1510  lb  (6716,  5N). 

(d)  Assume  that  the  system  (array)  is  at  0200  ft  (2804  m)  when  the  balloon 
extraction  takes  place  (e^  « 0,75732). 

(e)  Ualng  a desk  computer  program  based  on  the  rationale  expressed  above, 
the  following  results  (Table  Bl)  were  obtained  for  the  32-ft  drogue /42 -ft  main 
chute  combination.  (See  Table  B2  for  the  28 -ft  drogue/42-ft  main  chute  combina- 
tion. ) 

(f)  Note  that  q in  Table  Bl  is  just  within  the  upper  limit  of  the  range  specified 
(0.  5-1.  0 psf,  23,  94-47.  88  N/m3)  and  that  the  maximum  drag  of  the  drogue  438.  57  lb 
(1951N)  is  well  above  the  mlnlnum  value  required  (352  lb,  1566N),  thus  insuring  a 
strong  rapid  extraction  of  the  balloon. 

(g)  Table  B2  shows  corresponding  values  for  the  28-ft  ring  slot  drogue  and 
42 -ft  ring  nail  main  chute  combination.  The  system  weight  has  been  changed  to 
1520  lb  (07 6 IN)  to  allow  for  the  increase  in  weight  of  the  28-ft  parachute,  The 
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Table  Bl.  Area,  Drag  and  Dynamic  Pressure  (q)  Values  for  the  32-ft  Ring  Slot 
Drogue  and  42 -ft  Ring  Sail  Main  Chute  Combination 


Parachute 

Type 

Dta. 

CD 

Reference 
Area  (SQ) 

Drag  Area 

ICW 

Drogue 

Main 

Array 

Ring  Slot 

Ring  Slot 

32  ft 

0.  75  m 

42  ft 

12.8  m 

52.8  ft 

1(1,  1 m 

0.  55 

0.78 

0.  <1055* 

804.248  ft2 
74.  72  r 2 

1,385.  44  rt2 
128,71  m2 

2186.  (19*  ft2 
203,  43  m2 

442.33  0 ft2 
41.09  m2 

1080.  85  ft2 
100. 4 m2 

1523.98*  ft2 
141.49  m2 

Drag  of  Drogue  at  Equilibrium  Velocity 
Drag  of  Main  Chute  at  Equilibrium  Velocity 
Total  Drag  at  Equilibrium  Velocity 
Equilibrium  Velocity  (V'Cjj) 

Dynamic  Pressure  (q) 


438,  57  lb  <1051  N) 

1071.  43  lb  (47(18  N) 

1510  lb  <(1716,  5 N) 

33.  18  fps  (11,11  m/sec) 
, 00 1 5 psf  (47,47  N/m2) 


Theoretical,  based  on  assumption  that  the  two  chutes  behave  as  one  composite 
chute. 


minimum  drag  requlrod  of  the  drogue  has  also  been  Increased  by  10  lb  (44.  5N)  to 
,302  lb  (1(1 10N).  (Noto  that  tho  calculated  drag  of  the  drogue  is  almost  exactly 
equal  to  the  required  drag,  while  the  calculated  dynamic  pressure  falls  slightly 
outside  the  specified  range. ) 


! 

I 

i 

| 88 


! 


IfrWflWMnir-T- 


Table  B2,  Area,  Drag  and  q Values  for  the  28-ft  Bing  Slot  Drogue  Chute  and 
42 -ft  Ring  Sail  Main  Chute  Combination 


System  Weight  » 1820  lb  (6701  N)  Altitude  = 6200  ft  (2804  N) 

o * . 75732 

Minimum  Required  Drag  (Drogue)  • 382  lb  (1010  N) 


Parachute 

Type 

Dla 

CD 

..  . 

Reference 
Area  (SQ) 

Drag  Area 
<CDSo> 

Drogue 

Ring  Slot 

28  ft 

8,  52  m 

0.  55 

615,  752  ft2 
57.21  m2 

338.864  ft2 
31.46  m2 

Main 

Ring  Sail 

42  ft 

12,8  m 

0,  7B 

1385.442  ft2 
128.71  m2 

1080.  645  ft2 
100.4  m2 

Array 

m mm 

50.48  ft* 
15,39  m 

0.709* 

2001.10  ft2 
185.92  m2 

1419.309  ft2 
131,86  m2 

Dynamic  Pressure,  q,  * 1.071  psf  (51.28  N/m2) 

Equilibrium  Velocity,  VeH  » 34.40  ft/sec  (10,51  m/sec) 

Drag  of  Drogue  at  Ve^  * 302.  00  lb  (1013.  2 N) 

Drag  of  Main  Chute  at  VcH  « 1167,31  lb  (5147,7  N) 

Drag  of  Array  at  Ve^  * 1820  lb  (0701  N) 

NOTE:  The  drag  of  the  drogue  and  the  drag  of  the  mam  chute  will  remain 
constant,  regardless  of  the  altitude  (0-25,  000  ft)  provided  that  the 
calculation  Is  made  at  equilibrium  velocity,  Drag  Is  a function  of 
dynamic  pressure  and  effective  drag  area.  Under  equilibrium  con- 
ditions, both  are  essentially  constant. 
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Appendix  C 

Main  Paraohuta  Deployment  and  Balloon  Bxtraotion  Calculation* 

i | 

I I 

I j 1.  INTRODUCTION 

' ! 

The  report  entitled  "The  Flight  Teat  Aspecta  of  the  Air-Launched  Balloon 
! Syatem  (ALBS)  Development  Program"  1 contains  calculations  aaaoclated  with  the 

i ! main  parachute  deployment  and  balloon  extraction  event#,  aa  Initially  conoelved. 

j j However,  the  addendum  to  that  report  state#  that  both  tho  original  paraohute  sizes 

j and  the  distribution  of  weight  on  the  main  parachute  were  subsequently  altered, 

I Invalidating  some  of  the  report's  computational  data.  It  further  states  that  new, 

i unpublished  computations  were  carried  out  to  predict  the  performance  of  the 

changed  configuration.  Those  later  computations,  updated,  are  summarized  now 
In  this  appendix,  along  with  comparisons  with  actual  test  results. 

I ! In  recomputing  parachute  performance  data,  the  author  became  concerned 

j about  one  heretofore  neglected  aspect  of  drogue  parachute  behavior,  the  phenom- 

enon which  he  has  called  the  "contracting  spring  problem."  A fairly  extensive 
mathematical  treatment  of  the  phenomenon  was  accomplished,  In  anticipation  of 
possible  adverse  effects,  and  the  calculations  are  summarized  In  this  appendix. 


2.  THE  CONTRACTING  SPRING  PROBLEM,  GENERAL  CONSIDERATIONS 


The  contracting  spring  problem  derives  from  the  fact  that  the  ALBS  module, 
just  prior  to  main  chute  deployment,  Is  a large  body  or  mass  on  the  end  of  a long 
stretchable  line  the  upper  end  of  which  Is  secured  to  the  drogue  chute.  At  main 
chute  deployment,  this  body  separates  Into  two  bodies,  one  of  which  Is  about  three 
times  as  heavy  as  the  other.  The  heavier  body  falls  freely  for  a short  time,  while 
the  lighter  body  - still  attached  to  the  long  line  — behaves  as  part  of  a typical  spring- 
mass  system)  that  Is,  It  rises  as  the  line  recoils  to  Its  original  unstretched  length, 
As  this  happens,  the  drogue  chute  Is  drastically  unloaded. 

Thu  author's  initial  concern  was  whether  this  unloading  would  collapse  or 
destabilize  the  drogue  chute,  possibly  preventing  opening  of  the  main  ohute.  To 
answer  this  question,  the  duration  of  the  unloading  period  had  to  be  established. 

The  discussion  of  section  3.  2 Is  directed  to  determining  that  duration.  Lt  Gregory 
A.  Vayda  of  the  Aerospace  Instrumentation  Division  assisted  In  the  analysis  of  the 
problem  and  hts  help  Is  deeply  appreciated.  (As  It  turned  out  later,  In  actual 
flights,  drogue  chute  stability  was  not  degraded,  The  principal  effect  of  the  phe- 
nomenon was  that  the  balloon  containment  bag  (doughnut)  was  subjected  to  a much- 
larger-than-anttclpatod  shock-force  and  had  to  be  reinforced  (see  paragraph  3 . 3 . 3 
and  4.  7,  main  text). 


».  MAIN  CHUTE  DEPLOYMENT  EVENT  3« 

3.1  l)eirrl|ilive  Model 

Figure  Cl  depicts  a model  of  the  system  just  prior  to  main  parachute  deploy- 
ment. At  deployment,  the  W|  cluster  of  Items  starts  to  fall  away  from  the 
cluster.  In  reality  this  Is  the  cryogenic  unit  and  payload  falling  away  from  the 
packed  balloon  and  the  apex  of  the  main  42  - ft  chute,  dragging  down  with  them  both 
the  suspension  lines  and  the  heavy  centerline  of  the  42  - ft  chute.  The  free  fall  ends 
when  the  31-ft  centerline  becomes  taut.  (This  line  Is,  by  design,  shorter  than  the 
suspension  lines,  allowing  them  to  stay  relaxed  as  an  uld  to  rapid  Inflation  of  the 
main  chute  (see  paragraph  3,4.3),  When  the  main  chute  Is  fully  deployed  Its  Infla- 
tion commences  and  Is  completed  rapidly,  leading  to  the  configuration  shown  In 
Figure  Ob  In  the  mnln  text.  ) 


2.  Vayda,  O.A.,  2/1, t,  tl.SAF  (1070)  Effect  of  Dropping  a Mass  From  Stretched 
Parachute  C’ord,  Air  Launched  Balloon  System,  unpublished  A FPL  tecKnTcal 
memorandum. 
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System  Components 


Description  Wt(lbf)  Force  (N) 


1 

28- f t drogue  chute 

46 

204.6 

2 

200- ft  line 

36 

160.1 

3 

mlec.  hardware  on 

200  ft  line 

20 

89.0 

4 

Balloon  & end  flttlngi 

200 

889.6 

3 

balloon  pa<-'=  & 
linkage 

20 

89.0 

6 

3/4  main  chute  wt. 

95 

422.6 

7 

command/control  pack 

30 

133.4 

8 Bellset 


Comm  Reley  (Dummy)  200 


1/4  main  chute  wt. 

30 

133.4 

Cryogenic  Unit 

733 

3349.3 

Recovery  Chutes  for 
Cryogenic  unit 

90 

400.3 

Sum  of  Items 

3, 4, 3, 6 

333 

1490.1 

UF  " M.  + WL 


■yetin 


u + w 
r DL 


, , Sum  of  ltatna 

\ 7-12 

„ Sum  of  W and 

r wL  ‘ 

,,  Sum  of  Items 

Wl)L  1 t 2 


U si  U 4i  U 

system  *T  WDL 


4906.1 

6396.2 
364.7 

6761 


Notei  1 pound  force  (lbf)  * 4.448  Newtons  (N) 

Figure  Cl.  Weight  Distribution  Sketch,  Before  Main  Chute  Deployment,  Event  3a 
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3.2  Determination  of  the  Drogue  Chute  Unloading  Time 

The  valuea  of  system  velocity  and  other  parameters  at  the  end  of  main  chute 
deployment  have  to  be  calculated  in  ordor  to  establish  deployment  completion  time, 
expected  shock  loading  and  initial  conditions  for  main  chute  opening.  (From  these 
initial  conditions,  main  chute  opening  time  la  predicted. ) However,  before  the 
required  parameters  can  be  calculated,  the  time  during  which  the  drogue  ohute  is 
unloaded  must  be  determined  by  solving  the  contracting  spring  problem. 

3.  2. 1 SYSTEM  WEIGHT  DISTRIBUTION 

Referring  to  Figure  Cl,  an  overall  syatem  weight  <W#ygt#m)  of  1520  lb  (0761N) 

is  assumed,  *'  **  Of  this,  82  lb  (364.  7N)  represent  the  combined  weight,  WDlj,*  of 
the  drogue  chute  and  the  200-ft  (81  m)  line)  1438  lb  (8396. 2N)  represent  the  sus- 
pended ALBS  test  vehicle  wetght  (Wp)  prior  to  main  chute  deployment.  (The  stretch 
of  the  200-ft  line  is  due  to  the  suspended  1438  lb),  I' 

As  main  ohute  deployment  is  initiated,  the  large  free -falling  body  WL  weighs 
1103  lbs  (4908.  IN),  while  the  smaller  body,  Wfll  which  is  accelerating  upwards, 
weighs  336  lb  (1490.  IN).  (The  box  on  Figure  Cl  identifies  the  Items  which  make 
up  the  various  weight  combinations. ) 


i 


3.  2. 2 BASIC  FORMULAS  AND  CALCULATIONS 

Notei  The  formulas  and  symbols  stated  below  are  essentially  those  used  in  the 
Vayda  memorandum,2  with  some  minor  changes  and  additions.  Table  Cl  lists  the 
principal  symbols  used  in  the  discussion.  As  each  formula  is  introduced,  u calcu- 
lation la  performed  using  that  formula  and  the  wetghts  listed  on  Figure  Cl. 

Eq.  (1)  x » 0.0118  Fk  + 4.9012 

This  is  an  empirical  equation  for  stretch  distance  developed  from  a loading 
curve  for  2 in  1 Nylon  over  the  loading  range  Involved  in  our  problem.  The  200-ft 


,i 


i 

i 

i 


I 


Wetght  is  treated  as  a force  and  the  English  units  of  measurement,  lb,  are  under- 
stood to  represent  units  of  pound-force  (lbf),  The  corresponding  metric  unit  is 
the  Newton  (N),  (1  lbf  * 4,  448N). 

The  1520  lb  system  weight  is  typical  of  the  weights  actually  measured  during  the 
flight  tests  at  the  NPTR  in  which  a 28»ft  ring  slot  drogue  chute  was  used.  Com- 
putations made  prior  to  the  start  of  the  NPTR  flights  used  a system  gross  weight 
of  1383  lb  (6152N),  a weight  which  had  to  be  revised  upward  as  experience  was 
gained.  The  increase  was  due  to  added  hardware  and  rigging,  (The  ALBS  mod- 
ule which  was  to  bo  dropped  in  the  Holloman  AFB  teat  weighed  approximately 
1770  lbs,  ro  fleeting  a further  growth  in  system  else  and  complexity,  especially 
in  the  cryogenic  uni*  interface,) 

^The  drogue  chute  is  treated  here  as  a stationary  beam.  All  velocities  are  rela- 
tive to  » fixed  system  and  Ignore  the  fact  that  the  parachute  system  Is  actually 
descending  through  the  atmosphere. 
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Table  Cl.  Table  of  Symbols 


l ' 


h 


a1  ■ Maximum  theoretical  dtitance  above  no-tension  point 

F ■ net  force  on  aystem 

Fk  ■ force  on  aprlng,  ■ WF  when  t * o,  that  la  at  release 

F„  ■ force  on  attached  mass,  » -W  . when  t ■ o 

m a 

k ■ spring  constant 

W 

ni  ■ mass  of  smaller  body  ■ j~ 

x ■ dtatance  parachute  cord  la  stretched 

x1  ■ epnns  length  (distance  small  body  travels  upward  In 

returning  to  no-tension  point)  (x*  » x) 

n 

A * acceleration  due  to  gravity  (32.8  ft/aeo  ) 

v 

v ■ velocity,  velocity  at  no -tension  point 

y ■ vertical  height;  actual  distance  above  no -tension  point 

t ■ elapaed  time;  time  to  no-tenalon  point 

f ■ time  from  no-tension  to  a1 

t"  ■ time  from  no -tension  to  y 

WF  > weight  of  the  auapended  body  before  separation 

W(  ■ weight  of  the  small  body,  after  separation 

■ weight  of  the  larger  body,  after  separation 


(01  m)  line  wan  assumed  to  have  the  name  stretch  characteristics,  (Later  infor- 
mation suggested  that  the  200-ft  line,  which  was  constructed  of  2 ply  Type  23, 

12,  000  lb  (5.34  X 10*  N)  breaking-strength  Nylon  wehblng  may  actually  have  less 
stretch  under  load,  but  no  definitive  value  was  obtained). 

Thus,  when  Fk  » 1438  lbs,  x = 21.  8?  (0,  07  ml 

Eq.  (8)  k • Fk/x. 

This  equation  for  the  spring  constant  can  be  rearranged  to  read! 

Eq,  (2a)  F^  * kx.  (This  relationship  will  be  used  later,  In  developing  Eq.  (10),) 

Using  Eq.  (2),  we  see  thet  the  spring  constant  k --  05.  752  Ib/ft  (959,  0N/m). 
To  obtain  the  mass  of  the  smaller  body  we  use, 


f 


f 


Ujg --  ■ ' - ' ■ ■ ■ - 


•=:'  IUM 
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Eq.  (3)  m ■ Fm/Ay. 

Thus,  If  the  smaller  body  weighs  335  lb,  (1480.  IN)  It  has  a mass  of  335/32.  2 
or  10. 404  slugs  (151.  B3  kg). 

In  our  spring-mass  system,  the  mass  being  accelerated  upward  will  rise  to 
the  point  of  no  tenston,  that  Is,  to  the  point  where  the  stretch  In  the  spring  (200-ft 
line)  has  been  reduced  to  zero.  The  mass  will  still  have  velocity  at  that  point, 
however,  and  will  continue  to  rise  until  the  residual  velocity  Is  cancelled  out  by 
gravitational  forces  or  by  some  other  constraint,  The  200-ft  line  Is  then  slack 
and  the  mass  will  fall  until  that  line  becomes  taut  unce  more. 

During  the  Initial  upward  acceleration  of  the  small  body,  the  force  of  that  body 
(Fm)  will  aot  on  the  drogue,  until  the  no-tenslon  point  la  reached.  Then,  during 
the  time  It  takes  the  small  body  to  rise  to  its  maximum  distance  above  the  point  of 
no-tenslon  and  to  descend  back  to  that  point,  force  F Is  removed  front  the  drogue. 
In  essence,  the  drogue  "sees"  only  Its  own  weight  and  that  of  the  empty  200-ft  line, 
(Foroe  Is  reapplied  to  the  drogue  when  the  200-ft  line  becomes  taut  again,) 

Wo  shall  now  calculate  the  times,  distances,  and  velocities  Involved  In  the 
rise  to  no-tenslon,  to  maximum  height  above  no-tenslon  and  to  return  to  no-tenslon, 
For  our  spring-mass  system,  the  following  basic  equations  for  velocity,  force 
on  the  smaller  body,  and  net  force  are  used  to  derive  the  equations  actually  em- 
ployed In  our  calculations! 

Eq,  (4)  v » -1/k  » dFk/dt. 

Eq.  (5)  Fm  m dv/dt. 

Eq.  (0)  F - Fk  ■ Fm. 

(a)  Hearrnnglng  Eq.  (4) 


dFk  > -kv  dt 
and  Integrating,  we  get 
F'k  •-  -kvt  + C 


(b)  When  t » 0,  Fk  Wp  = weight  of  the  suspended  body  before  separation  * 
1438  lb  In  our  example  (see  Figure  Cl).  Thus,  C - 1438  and 


(c)  Substituting  Eqs.  (7)  and  (5)  Into  (6) 


P = 1438  - kvt  - m dv/dt 

Pdt  * 1438  dt  - kvt  dt  - m dv  (after  multiplying  through  by  dt) 
m dv  « 1438  dt  - kvt  dt  - Pdt  (after  rearranging  terma) 
dv  « 1/m  (1438  dt  - kvt  dt  - Fdt)  (after  dividing  through  by  m) 

v « 1/m  (1438  t - 1/2  kvt2  - Pt)  + C (after  Integrating  both  sides) 

or, 

Eq.  (6)  v « (1438  - 1/2  kvt  - F)  t/m  + C (after  factoring  out  t) 

where  v Is  the  velocity  of  the  upward-moving  body. 

(d)  At  release,  that  is,  when  t » o,  the  upward  velocity,  v,  Is  o,  and  the  con- 
stant C In  Eq.  (8)  becomes  0,  whence 

Eq.  (B)  v = (1438  - 1/2  kvt  - P)  t/m. 

(e)  Stated  In  more  general  terms  t 

V.  -r)i 

or, 

v • (Fk  - *f  - F)  s 

or, 

v' 

whence, 

Eq.  <101  ».  ($.,)  i. 

(f)  If  we  let  the  spring  length,  x',  be  equal  to  the  stretch  distance,  x,  which  la 
the  case  at  the  no-tension  point,  and  if  we  substitute  x'/t  for  v in  Eq.  <10)i  we  get 


where  1438  ■ F^  when  t ■ o 


where  v « p 


where  Fk  » kx  (Eq.  2a) 
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or, 


- p 12 

Eq.  (11)  x<  = - F J m • 


(g)  To  determine  the  time  required  for  the  spring  (200 -ft  line)  to  contract  so 
that  there  Is  no  tension  on  It,  we  rearrange  Eq.  (11)  as  follows: 


Eq.  (12)  t * 


mx' 

— 

T ' F 


1/2 


We  are  now  ready  to  calculate  t,  the  time  to  the  no-tenalon  point.  We  use 
Eq.  (12),  and  let  F * -F  , because  at  the  noHension  point  the  only  force  Is  that  on 


the  ascending  small  body, 
F - F,  - F 


(Fk,  the  force  on  the  spring  * 0 at  this  point,  and 


k - r per  Eq.  (8).)  The  values  of  m,  x'  and  Fk  are  as  previously  stated: 


f 10.404  sluas  X21.87  ft  l1/2 

L i#jk.<:'33»ib7“J 


» 0,  4648  sec 


using  this  value  of  t In  Eq.  (10),  we  solve  for  the  velocity  of  the  small  body  at  no 
tension: 


v « m " f * (”338)J  10^404  “ 348  m/sec)  , 

If  there  were  no  other  restraints  on  the  upward  moving  small  body,  It  would 
rise  to  a theoretical  maximum  height  above  the  no-tenslon  point.  Actually  there 
Is  a restraint,  as  will  be  discussed  shortly,  which  keeps  the  body  from  rising  that 
high.  The  methods  fbr  determining  the  theoretical  maximum  height  will  be  pre- 
sented nevertheless  because  they  are  relevant  later  In  the  discussion  of  the  balloon 
extraction  process  (see  Section  4). 

(a)  To  obtain  the  maximum  theoretical  distance  (a1)  above  no-tenslon  we  must 
first  determine  the  time,  t',  required  to  reach  that  point. 

Vj,  » v - Ayt'  where  v^  final  velocity  at  a1  « o 


or 


whence, 

Eq.  (13)  t’  » 
or 


47,  067  fpa 
32.2  f/sec! 


1,4817  sec  . 


(b)  The  theoretical  maximum  distance  above  no  tension,  a1,  is  determined 
next) 

•'  *y0  + 5-<vo  + vt)v 

or 

Eq.  (14)  a'  « j X t'  where  V0  * v and  » o 
whence 

a'  » i (47.067X1.4817) 

■ 

- 34.40  ft  (10.46  m). 


(c)  The  elapsed  time  from  release  of  the  suspended  weight  to  maximum 
theoretical  height  (a1)  of  the  small  body  Is  the  sum  of  t and  t'.  In  our  oase,  it  Is 
0.4646  + 1.4617  or  1.  626  sec. 

3.  2.  3 EFFECT  OF  THE  MAIN  CHUTE  CENTERLINE 

Up  to  this  point  we  have  considered  only  an  unrestrained  spring-mass  system. 
However,  as  previously  mentioned,  there  Is  actually  a restraint  which  limits  the 
travel  of  the  small  body  above  the  no-tenslon  point.  This  restraint  Is,  of  course, 
the  51  -ft  long  centerline  of  the  42 -ft  diameter  main  chute, 

The  two  bodies  Into  which  the  suspended  body  (F^)  separates  at  main  chute 
deployment  act  Independently  of  each  other  while  the  centerline  is  slack.  One 
falls  freely,  the  other  Is  accelerated  upward.  When  the  centerline  becomes  taut 
again,  an  exchange  of  momentum  between  the  two  bodies  oocurs  so  that  there  is  In 
effect  a single  mass  moving  downward  at  a speed  less  than  that  of  a free-falling 
body.  This  exchange  happens  before  the  ascending  smaller  body  can  reach  the 
theoretical  maximum  height  above  no  tension.  To  find  the  time,  t",  at  which  the 
exchange  of  momentum  occurs  the  following  calculations  are  performed! 
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n 


Note  that  t,  the  time  from  releaae  to  the  no-tenslon  point,  la  a vital  point  of 
reference  In  theae  calculations.  Thta  la  ao  because  at  t the  two  oppositely  moving 
bodies  are  subjected  to  the  same  constant  acceleration  force,  Ay. 

(a)  Flrat  we  find  the  velocity  of  the  larger  falling  body  (VyjJ  at  0,4646  aec, 
which  la  the  tlmo  to  no  tension,  t. 

VyL  * VyL.  + Ay  * • whara  VyL  ' 0 


Eq.  (15)  VyL  - Ayt 


whence 


VyL  « -32.2  (0.4646) 

VyL  « -14. 96  ft/aec  (-4.  56  m/aec)  . 


(b)  The  distance  from  the  separation  point  which  the  large  body  has  fallen, 
yL,  Is  determined  as  follows! 

yL  " y«L  + J <VyLn  + V ‘ * Where  yoL  *nd  VyL  ■ 0 


Eq.  (18)  yL  * -sjp  • t 


whence 


yL  - i (-14.98X0.4646) 


yL  ■ -3.475  ft.  (-1.0592  m)  . 

(c)  The  Initial  separation  velocity,  Vao,  at  t » 0.4640  sec,  Is  determined  from 
the  formula! 


vao  - vyL  - v 


/ f=Lrt  i i»»  Uii^y  Wi : 


I Mt/a  • -* S»\ J.«fc£ II :,v.  i ■-. .1  *« A.  .I«t» i.'.iiLll.jj in i. tr i.iiJ :o<IVlM-<iAi. ^->Ul> .; u J»V«.  I V; IkWI-:-.-! tH«lM  Jfl.»»\<'TU*,V  t.'y ..v* I* * i* <H>  >* v.* »»I*'-J l *(■ l'. U V C(r. n *VS  i iliViVv'fVi «AriiWMVW. 1 ' 


whence 


Vu_  * -14.  96  - 47.067 

BO 


v«0  ’ "62,  03  nlH*c  <"18,  91  m/*ec>  • 

(d)  The  Initial  separation  distance  at  t,  y#0,  U obtained  from 

Eq.  (18)  y80  » yL  - x 

yao  • -3.478  ft  - 21.87  ft 
» -25.346  ft  (-7.  728  m)  . 


(e)  We  know  that  the  maximum  separation,  yQ,  between  the  two  bodies  Is  set 
at  51  ft  (15.  85  m)  by  the  length  of  the  centerline,  Thus,  we  can  find  the  final 
separation  velocity,  Vs,  as  follows i 

vJ-vio4!JV 


K,.  (IS)  V,.  VvJ„  + s Ay  <y„  - y„> 


whence 


Va  » t<-62.03)2  - (64.4X-B1  + 2B.35))  */2 


V#  « -74.  10  ft/sec  (-22.0  m/sec)  . 

(f)  We  now  must  find  the  time,  t",  between  the  no-tension  point  and  the  max- 
imum separation  of  51  ft. 

V«  “ V,0  + Ayt" 


V - V 

Eq.  (20)  t"  • 


whence 


t"  ■ "TMl+JItM 


..vlcihtilimmaiijiiJ  HtL 


or 


t"  - 0.3787  sec. 

(g)  To  determine  the  maximum  dtatanoe  the  small  body  goes  above  the  no- 
tenslon  point,  we  must  first  find  the  final  velocity  of  the  body  at  maximum  distance 
above  no-tension  point. 

Eq.  (31)  Vv„  » v i A t" 
ya  y 

Vv.  - 47.07  - (32.  a)(.  3767) 

V„_  ■ 34,  939  ft/sec  (10.  68  m/eec)  . 

ye 

(h)  Now  the  distance  above  no-tenslon  point  can  be  found. 

Eq.  (22)  y ■ yQ  + i (VyB  + V)  t"  Let  yQ  - o 

y - 1(34.  94  + 47.07X0.3767) 

y * 18.48  ft  (4.71  m) 

If  we  sum  the  time  required  to  reach  the  no-tenslon  point  (0.4648  sec)  to  the 
additional  time  required  to  reach  the  maximum  separation  distance  (0.3767  sec), 
we  obtain  the  total  time  (t  + t")  (0. 6413  sec)  required  for  the  system  to  go  from  the 
release  point  to  the  point  where  the  centerline  becomes  taut  (maximum  separation 
distance). 

At  time  t",  the  upward  motion  of  the  smaller  body  Is  stopped  by  the  sudden 
application  of  the  force  of  the  larger  Tree-falling  body.  The  smaller  body  starts 
downward  under  this  force  until  the  slack  in  the  200-ft  line  is  removed.  The  total 
force  on  both  bodies  Is  then  transmitted  up  the  200-ft  line  to  the  drogue  chute  which 
becomes  fully  loaded  once  more. 

The  exchange  of  momentum  between  the  large  and  small  bodies,  when  the 
oenterllne  of  the  main  chute  becomes  taut,  Is  expressed  by  the  formulat 

vFmF  - mLvL  + mivB 


or 


Eq.  (23)  vp 


mLvL  + msvs 
mw 
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v - ..Jiif  i.. 


where 

L refers  to  the  large  body 
a refers  to  the  small  body 
F refers  to  the  final  or  combined  body 
m « mass 
v ■ velocity 

This  can  also  be  written  as 


2q.  (34)  vT 


-WL<t  + t">  + nVV. 

vrr/xy — 


where 


m 


LVL 


W, 

• <t  + t")  Ay 


and 


> ■ Ip<(.3.81  ra/t„,  , 

Knowing  Vp,  the  resultant  downward  velocity,  and  y,  the  aotual  maximum  dis- 
tance above  no  tension,  we  can  compute  t' ' the  time  It  takes  for  the  slack  to  be 
removed  from  the  200-ft  line.  This  la  a free-fall  situation  again,  with  an  Initial 
velocity  equal  to  vpi. 

Let  vT  ■ the  terminal  velocity  of  the  falling  body  when  the  line  slack  Is  used  up. 
Using  the  form  of  Gq.  < 10) i 

Eq.  (35)  vj-  vj,  + 2Ay  <yT  - yy) 

where 

yT  * o 

and 


<yT  - yy)  * -y  or  minus  the  maximum  distance  above  no  tension.  This  Is  the 
distance  which  must  be  travelled  downward  before  300-ft  line  be- 
comes taut  again. 
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whence 


vT  - V(-12.836)2  + (-64.4K-15.45) 

» *33.681  fps  {-10.  36  m/sec) 

The  time  (t< 1 ')  to  traverse  this  distance  la  found  by  dividing  the  distance  by 
the  average  velocity,  or 

Eq.  (20)  t"'=  (-Vp) (,Vt)  " (-12,  638)^M-33.  981)  ’ 8628  *eo 

3.2.4  TIME  SUMMATION 

From  all  these  computations  we  see  that  the  total  no-tenslon  time  (t"  + tM  ') 
is  0. 3767  sec  + 0,  0628  sec  or  1.  Do 05  sec.  Also,  the  time  from  release  to  the 
reapplloatlon  of  full  load  to  the  drogue  chute  la  the  sum  of  times  t,  t"  and  t' 1 1 or 
0,4840  sec  + 1.0308  aec  or  1,  8041  sec.  Table  C2  summarizes  the  foregoing  com- 
putations. 

The  author  developed  a calculator  program  (P-20)  which  solves  the  contracting 
spring  equations  described  above  and  provides  the  outputs  listed  on  Table  C2, 

8.8  Mile  Chute  Deployment  Cilculstioni 

3.3.  1 COMPUTATIONAL  METHOD 

In  the  aontractlng-sprlng  model  discussions,  we  treated  the  system  as  fixed, 
that  Is,  we  Ignored  the  fact  that  It  was  descending  through  the  atmosphere.  We 
must  now  return  to  the  real  world  In  order  to  complete  our  main  chute  deployment 
calculations,  The  main  computational  tool  will  be  the  author's  program  P-13A, 
which  Is  described  In  an  earlier  report. 1 

Figure  C2  summarizes  the  results  of  the  computation  carried  out  for  a 1820  lb 
system,  using  the  times  just  obtained  in  solving  the  contracting  spring  problem. 

The  Initial  systom  velocity  (-89.  82  fps,  -27.  38  mps)  Is  the  equilibrium  velocity  for 
such  a system  when  supported  by  the  2B-ft  ring  slot  drogue  chute  at  an  altitude  of 
23,  800  ft  (7284  m),  the  estimated  system  altitude  10  sec  after  release, 

The  drag  on  the  28 - ft  drogue  chute  at  equilibrium  is  approximately  the  system 
weight,  1520  lb.  When  the  42-ft  main  chute  Is  deployod  the  load  on  the  drogue  Is 
drastically  reduced  from  full  system  weight  to  417  lb  (1856N).  (Referring  back  to 
Figure  Cl,  the  417  lb  la  the  sum  of  weights  Wg  and  WD1  . ) The  drogue  Is  assumed 
to  maintain  this  loading  until  time  t,  the  time  to  no  tension  (0.  4846  seo),  as  just 
detsrmlnad  (paragraph  3.  2, 2), 


Table  C2.  ALBS  Contracting  Spring  Data  Summary  for  Main  Chute  Deployment, 
Event  3a 


Symbol 

Paramour 

English  Units 

Metric  Unite 

FkorWf 

Total  auapondod  wt,  loaa  drogue  and  lino 

USB  lbf 

8398.  a N 

-Fm  or  -W, 

*330  lbf 

-1490.  1 N 

Ay 

Gravitational  conaUnt 

32.  a ft/ see* 

9.81  m/eeo* 

*0 

Specified  aaparatlon  dlatanoo 

-81  ft 

•18.64  m 

or  m 

Small  maaa  (-We/Ay) 

10.404  slugs 

181.83  kg 

X 

Stretch  dlatanc*  (.  OUS  Fk  + 4. 9012) 

a 1.87  ft 

6. 87  m 

k 

Spring  conatant  F^/x 

BB.75S  lb/ft 

989. 8 N/m 

» 

Tima  to  no-Unalon  point  (n,  t. ) 

. 4048  esc 

,4846  eeo 

•v.o 

initial  aaparatlon  velocity,  at  time  t 

■83.  OS  f/aeo 

-18.91  m/eeo 

V 

Velocity  of  amall  maaa,  at  time  t 

47.087  f/aeo 

14. 348  m/sec 

vy(L) 

Velocity  of  large  maaa,  at  time  t 

-14.  98  f/eec 

4.  58  nt/ieo 

-*L 

Free  fall  dlatance,  at  time  t 

•8,478  ft 

- 1. 059a  m 

"y«o 

Initial  aaparatlon  distance  t-y,  -x), 
at  time  t L 

-28.348  ft 

-7.728  m 

•' 

Theoretical  max.  distance  above  n.  t. 

34.40  ft 

10.49  m 

t' 

Time  to  a1  (theoretical) 

1.4817  esc 

1.4817  esc 

t + t' 

Time  from  release  to  a1  (theoretical) 

I.  936  esc 

1.  938  esc 

y 

Max.  actual  dlatance  above  n.  t, 

18.48  ft 

4.71  m 

vy» 

Velocity  of  email  mesa  at  y 

34.939  fpe 

10.  68  m/eeo 

v,°f 

t" 

Final  aep.  velocity,  at  y (Ve) 

-74.  18  fpe 

•33. 6 m/eeo 

Time  from  no  tension  to  y 

. 3787  sec 

.3787  eeo 

t + t" 

Time  from  releaae  to  y 

. 84 13  eoc 

.8413  eeo 

'VF 

Velocity  of  combined  mais  at  t + t" 

- 12. 839  fpe 

-3. 88  m/eeo 

Time  to  eliminate  line  alark 

. 8633  esc 

, 6038  eeo 

VT 

Terminal  velocity  of  combined  mace 

-33.981  fpe 

-10.36  m/eeo 

t"  + t"1 

Total  no  tenelon  time 

1,  0398  esc 

1.  0308  aeo 

t + t"  + t"1 

Time  to  reapply  full  load 

1,  804  1 eeo 

1.3041  aac 
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T' 


Data  I S/14/77 


Contractlna  Sprint  Data 
(fro*  P-20)i 
t • <4646*  • t 1m  to  no  tanalon 
|t"  * ,3767a  - tint  to  Y 
t"'  • 


t"  + t 


•6628a  - tlaa  to  no 

alack 

1.039a  (total  no 

tanalon  tlM) 

(t"  + t1" ) - tlaa  to 


Pro|r*a  P13A 


MSB  HA  IN  PAMCHUTt 
DCPLOYHINT  COMPUTATION 


t(*ad 

P«f 

q 

Av 

f|l« 

-V 

Tb 

D 

ft 

H 

lb 

M 

rpa 

V. 

UH 

0 

4.4511 

- 

-69.82 

1520 

23800 

417 

- 

0 

.05 

4.07 

3.714 

-86.11 

1376.82 

"793,0 

47.047 

- 4.40 

.10 

3.76 

3.306 

-62.80 

1273.36 

"791.4 

" .043 

- 1.62 

.15 

3.49 

2.96 

-79.84 

1163,0 

"787.3 

" .040 

-12.69 

.20 

3.26 

2.66 

-77,19 

1104.99 

"783.4 

" .036 

-16.61 

.10 

2.89 

2.17 

-72.61 

977.91 

"773.9 

" .030 

-24.10 

.40 

2.598 

1,79 

-68.86 

879.77 

"768.8 

" .024 

-31.17 

.45 

2.48 

1.43 

-67.25 

836.93 

"765.4 

" .021 

-34,37 

.50 

2.183 

12.907 

•54.34 

739.43 

"762.4 

82 

20.649 

-37.61 

.55 

1.43 

8.021 

-46.32 

490.51 

"739.9 

It 

-40.13 

.60 

1.07 

5.49 

-40.83 

361.48 

"737.7 

" .846 

-42.31 

.65 

.B40 

3.98 

-36.63 

264.33 

"755.8 

" .847 

-44.23 

,70 

.692 

2.99 

“33.84 

234.51 

"734.0 

" .846 

-46.01 

.80 

.517 

1.83 

-29.71 

175,23 

"730,8 

' .843 

-49.18 

,90 

.422 

1.19 

-27.03 

142.76 

"748,0 

11  .844 

-52.01 

1.00 

.364 

.809 

-23.26 

123.20 

"745.4 

II 

-34.62 

1.25 

.29} 

.338 

-22.82 

99.20 

"739,4 

" ,840 

-60. 59 

1.45 

• 269 

.177 

-21.90 

91,01 

"734,9 

" .839 

-63.05 

1.50 

.459 

■1.45 

-23.346 

133.36 

"733,8 

[1320 

89.719 

-66.19 

1.55 

,501 

■1.43 

-24,78 

169,77 

"732,6 

" .717 

-67.40 

1.60 

,545 

■1.41 

-24.19 

184.67 

"731.3 

" .715 

-68,66 

1.80 

,734 

-1.35 

-31. 4H 

248.  ’.2 

"725.5 

" .705 

-74.45 

2.00 

,919 

■1.27 

-34.89 

317.14 

"718  1 i 

|M  .698 

-81.31 

reapply  full  load 
1.5061  a 


Subject  l Svant  la 

28'  Droiua  ohuta  (r.ulot) 
12'  Main  ohuta  (r.  tail) 


t j/50 


t 

t6H 


HOWTO 
Drag  foron 

Syetaa  Ual|ht  1520  lb 
Chuta  noalnal  dla.  28  ft 
InltUl(ralaaaa)  velocity 
lnatantanaoua  velocity 
Chant*  In  veloolty 
calculation  Interval  (a) 
aatual  tlaa  (a) 


aunaatlon  of  haltht 

chantae 


Initial  weight 
(chuta  + load) 


lnatantanaoua  weight 

MSnHtr" 


"s 

WdT 


ralaaaa  altitude 
lnatantanaoua  altitude 
danalty  ratio  p/po 
Walsht  of  ALII  balloon 


" other  coaponanta 
auapandad  on  droiua 


coeff.  Aral  (chute)  .55 
Pal.  Area  ot  ohuta 


Projected  tqulllbriua 
Velocity  let  ayataa  of 
W 
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Figure  C2.  ALBS  Main  Chute  Deployment,  Event  3a,  Computation*  1520  1b 
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A i the  no-tenslon  point  the  drogue  ta  aaaumed  to  experience  only  the  loading 
iuaoclated  with  ita  own  weight  and  that  of  the  200-ft  line,  W^,  , or  82  lb  (385N). 

It  stays  In  this  lightly-loaded  condition  until  time  t + (t"  + t' ' '),  that  ia,  until  the 
alack  in  the  200-ft  line  is  taken  up,  It  then  sees  the  whole  system  load  again, 

The  data  summary  on  Figure  C2  tracks  dynamlo  pressure,  velocity,  velocity 
change,  drag,  height,  and  height  change  as  the  system  descends.  Calculations  are 
performed  at  0,  06  sec  intervals  and  are  carried  out  from  the  start  of  deployment 
until  0.  S sec  after  the  200-ft  line  becomes  taut  again.  The  actual  opening  of  the 
main  chute  Is  assumed  to  commence  at  this  point,  an  assumption  which  proved  to 
be  In  good  agreement  with  actual  flight  teat  experience  (see  3.4. 1). 

3.3.2  DYNAMIC  PRESSURE  VARIATIONS 

The  dynamic  pressure  <q)  track  on  Figure  C2  is  of  particular  Interest.  If  the 
value  of  q falls  off  too  greatly,  the  danger  of  drogue  chute  collapse  Is  strong, 
according  to  parachute  literature,  A dynamic  pressure  less  than  0.3  lb/ft2 
(14.36  N/M^)  is  considered  cause  for  ooncarn,  The  calculated  q values  on  Fig- 
ure C2  do  rail  slightly  below  that  figure  just  before  the  full  load  Is  reapplied  to  the 
drogue  chute.  However,  in  the  actual  night  tests,  no  drogue  chute  Instability  at 
this  point  was  observed.  Thus,  if  the  calculations  are  accurate,  It  would  appear 
that  this  type  of  ring  slot  parachute,  with  its  high  geometric  porosity,  is  not  par- 
ticularly sensitive  to  the  0.3  lb/ft2  dynamic  pressure  threshold. 

Figure  C3  was  generated  in  the  same  manner  as  Figure  C2  using  a system 
gross  weight  of  1383  lb  (8182N)  and  a 32-ft-dtam  (9.  18  m)  drogue  chute.  It  rep- 
resents the  ALBS  configuration  at  the  start  of  the  test  program  and  Is  offered  for 
comparison  purposes. 

3.3.3  DEPLOYMENT  SHOCK  FORCES 

The  velocities  generated  In  the  contracting  spring  problem  solution  suggest  that 
fairly  strong  deceleration  shocku  will  be  experienced  during  the  main  chute  deploy- 
ment, particularly  during  the  exchange  of  momentum  between  the  two  bodies 
and  WH,  as  described  In  paragraph  3.  2,  3. 

If  we  allow  the  deceleration  force,  F^,  to  be  the  force  on  the  larger  body  W^, 

then 


where 

Wt 

-jfp1  * mass  of  the  larger  body 


If 


107 


Data i 1/18/77 


(from  F-20) i 

t ■ ,43a  - tlM  co  no  tanolon 

t"  • ,36.  - tlM  to  Y 

t1"  ■ .63a  - tlaa  to  no  alack 

t"  + t'"  1.03a(total  no  tonalon 
tlaa) 

t + <t"  + t"1)  - tlaa  to  taapply 
full  load 

1.41a 


Frograa  H 34 


t(aao) 


3.09 


ALBS  HA IN  FARACHUTE 
DEPLOYMENT  COMPUTATION 


1 1 364 

1+11.86 

■83S9 

+6,694 

.5997 

- 

+3.002 

.3634 

- 

.2698 

+1.236 

.2410 

: - 

.2129 

- 

.1809 

+ ,1790 

.1697 

+ ,0683 

Subjacti  Evant  la 

32'  Droiua  chuta  (r.  alot) 
42’  Main  chuta  (r.  aall) 


.299  1-1.436 

.3319  1-1. 438 
.4861  ' - 

.6361  -1.271 


132.34  "876.96 

147.70  "876.0 


-31.136  290.23 


Railatart  00  01 


IN 


UH 

LIOIND 

- 

D Dr«i  foto. 

W(  Qy.t.a  H.l.ht  1383  lb 

- 

3.63 

Dq  Chut*  nominal  (Hi.  32  ft 

“ 

Vj  initial (ralaaaa)valoclty 

** 

v inatantanaoua  velocity 

6v  Chansa  in  valoclty 

" 

tf/30  calculation  lntatval  (a) 

“ 

23.23 

t actual  tlaa  (a) 

W 

27.93 

30,31 

32.21 

V.  Initial  w»l|ht 

(chuta  + lead) 

- 

W Inatantanaoua  wai|ht 

- 

33.28 

q dynamic  praamira 

p atm,  danaity 

- 

Hj  ralaaaa  altlcudt 

- 

38.93 

H lnatantanaous  altltuda 

- 

41.06 

o danaity  ratio  p/po 

- 

43.06 

Wn  weight  of  ALBS  balloon 

„ 

47,71 

32,13 

W()-.  " othar  componanta 

■uapandad  on  drojua 

53.04 

Cp  coaff.  drag  (chuta)  .33 

* 

94,02 

8p  Raf . Araa  of  chuta 

56,65 

64.  3? 

V«  Pro.lactad  Equilibrium 

Valodty  for  ayatara  of 
Walght  t W 

BSi 


V /-v 

-AH 

a 

: { 

i I 


1 


■4?  B deceleration 
at 


Eq.  (27)  Fn  » 


WT  (V,  - VJ 


D Ay  at 


where 


V.  ■ (t  + t" ) Ay  « velocity  of  larger  body  at  start  of  exchange 


Vp  * velocity  of  larger  body  at  end  of  exchange 

whence,  using  the  values  of  paragraph  3,2.3, 

v 1103  (0,  B413M-32.  2)  - (-12,  639) 

*d  30'  Sr  1 

If  we  choose  a value  of  0,  08  sec  for  at,  = -9900  lbf  (-4,  4 X 10*  N),  and  If  we 
let  at  = 0. 10,  Fd  » -4960  lbr  (-2.  2 X 10*  N).  Actual  flight  test  measurements  gave 
average  values  of  -7000  lbf  (3,  1 X 10*  N)  for  FD,  which  Indicates  that  at  ts  about 
0,07  sea.  It  also  shows  that  the  cryogenic  unit  will  be  subjected  to  a shock  of 
7000/1103  or  approximately  8.  4 g In  the  vertical  plane,  a foroe  which  It  has  been 
designed  to  withstand. 

Using  the  form  or  Eq.  (27),  we  can  find  the  force  on  the  small,  upward  moving 
body  from  the  following  formula! 


Ws  (Vs  ‘ V 


Eq.  (28)  Fd  ■ ^ 


whence,  using  the  values  of  paragraph  3.  2. 3, 

FD  * S172  ' , ,071  lb,  - II.  1 s . 

This  Is  a very  powerful  force,  a fact  that  was  amply  confirmed  during  the 
flight  test  program,  The  area  of  this  extreme  violence  encompassed  the  apex  of 
the  deployed  main  canopy,  the  packed  balloon  and  Its  fabric  container  (nicknamed 
the  "doughnut"),  the  linkage  and  separation  devices  located  In  that  region,  and  the 
top  end  of  the  Inflation  tubing  from  the  cryogenic  unit.  Much  attention  was  focused 


} 
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on  this  region  during  the  test  program  In  a successful  effort  to  minimise  the  poten- 
tially destructive  effects  of  the  deceleration  force. 


8.4  Main  Chute  Opening  Time 

3.  4.  1 PRELIMINARY  CALCULATIONS 

In  the  preceding  report,1  the  opening  of  the  main  chute  (84-ft  flat  circular)  was 
treated  as  the  opening  of  a theoretical  "combined"  chute  whose  diameter  was 
determined  from  the  sum  of  the  areas  of  the  drogue  and  main  chutes,  An  opening 
time  (3,  S sec)  was  then  determined  through  the  use  of  Program  P4TJ,  which  employs 

O 

the  formulas  of  the  Parachute  Handbook  for  parachutes  without  goometrlc  porosity. 

In  the  revised  ALBS  configuration,  the  42-ft  ring  sail  main  chute  does  have 
geometric  porosity  and  an  alternate  method  of  computing  opening  time  must  be 
used.  The  Parachute  Handbook  offers  the  following  formula  for  this  situation) 


0.  65X  D 


Eq.  (29)  tf  = ^JL-2 


where 

* Percentage  of  Geometric  Porosity 
Dq  =■  Nominal  Parachute  Diameter 
vg  * Initial  System  velocity 

whence,  using  a value  of  22.  8,  and  a veloolty  of  38.  88  f/sec  (11.  24  m/sec)  as 
obtained  from  Figure  C2,  at  t ■ 2.  0 seo, 


. _ 0.  68  X 22.  5 X 42 
lf  JOS 


16.  65  sec  . 


This  appears  to  be  an  excessively  long  opening  time.  Referring  back  to  Fig- 
ure C2  we  see  that  the  projected  equilibrium  velocity  of  the  system  at  t 9 2.0  sec  Is 
69.7  f/sec  (27.34  m/sec),  This  means  that  the  system,  with  only  the  drogue  chute 
acting  as  a decelerator,  Is  trying  to  Bpeed  up  to  the  velocity  It  had  before  the  main 
chute  was  deployed.  Thus,  the  selected  value  of  vg  may  be  too  low.  However, 
even  tf  we  arbitrarily  choose  a vg  of  80  f/sec  (18.3  m/sec)  the  opening  time  is  still 
over  10  sec.  (When  vg  is  chosen  as  89.7  f/aoc  (27.34  m/sec)  the  opening  time 
becomes  6, 8 sec. ) 

3.  Parachute  Handbook  (1983)  Performance  of  and  Design  Criteria  for  Deployable 
Aerodynamic  Deceierators  ASD-'tR -81-879.  2nd  Ed. 
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Actually,  a main  chute  combined  deployment  and  opening  time  of  16  aeo  was 
selected  prior  to  the  first  teat  at  the  NPTR.  This  value  was  based  principally  on 
the  use  of  Eq.  (29)  above,  with  a vg  of  31, 136  f/aec  <9,49  m/sec),  (See  Table  C3 
at  T » 2, 0 sec, ) The  calculated  t^  of  19.  73  eec  was  arbitrarily  revised  downward, 
in  anticipation  of  the  effect  of  the  centerline  of  the  main  chute,  and  the  resultant 
time,  16  sec,  was  used  to  establish  the  time  to  initiate  the  balloon  extraction  step, 
Tq  + 39  sec, 

3.4,2  TEST  RESULTS 

As  it  turned  out,  the  18  sec  value  was  muoh  too  long.  The  main  chute  consis- 
tently deployed  in  2 sec  and  opened  in  about  3 sec  in  the  NPTR  flight  tests.  Thus  a 
combined  deployment/opening  time  of  5 sec  was  used  In  subsequent  calculations 
and  event  Initiation  settings. 

This  adjustment,  along  with  a revision  (from  19  seo  to  8.  6 seo)  of  the  time  to 
"first  vertical"  (that  is,  to  the  completion  of  the  system  orientation  ohange  from 
horizontal  to  vertical),  led  to  the  following  event  schedule  which  was  used  in  subse- 
quent NPTR  tests  i 


T + 3 sec 
o 

TQ  + 10  sec 

Tq  + 12  sec 

Tq  + 18  sec 

T0  + 20  sec 

T„  + 28  seo 
0 


Release  of  Drogue  Chute  from  Pendulum  on  C-130, 
Finish  Inflation  of  Drogue  Chute. 

Initiate  42 -ft  main  ohute  deployment. 

Cut  main  chute  protective  cover  ("Snood")  line. 

Cut  laces  of  balloon  container. 

Initiate  balloon  extraction. 

Finish  balloon  extraction. 


3. 4.  3 EFFECT  OF  CENTERLINE 

The  centerline  of  the  main  parachute  is  considered  responsible  for  the  drastic 
decrease  in  the  estimated  opening  time.  This  line  had  been  added  to  the  basic  para- 
chute system  configuration  by  the  6811  T.  S.,  prior  to  the  start  of  the  flight  tests, 
on  the  firm  conviction  that  the  main  chute,  as  originally  suggested,  would  not  open 
after  deployment.  It  was  stated  that  the  tension  at  the  apex  (caused  by  the  drag 
force  of  the  drogue  chute)  would  keep  the  main  chute  canopy  folds  and  suspension 
lines  taut  and,  with  the  relatively  low  system  descent  velocities  Involved,  there 
would  be  an  insufficient  buildup  of  pressure  Inside  the  canopy  to  cause  Inflation. 

The  centerline  wss  constructed  of  2 -ply  Type  XXIII  Nylon  to  withstand  the 
7000  lb  shock  load  discussed  earlier,  It  was  cut  to  a length  of  81  ft  (15.  5 m)  and 
was  run  from  the  apex  to  lower  confluence  point  of  the  main  ohute.  Because  the 
length  of  the  uninflated  chute  is  83  ft  <19.  2 m),  it  is  obvious  that  the  centerline  will 
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become  taut  when  the  chute  is  deployed  while  the  standard  suspension  lines  and 
canopy  folds  will  remain  slack.  Thus,  there  Is  nothing  to  inhibit  the  spreading 
and  filling  of  the  canopy.  This  unloaded  condition  of  the  lines  and  canopy  is  be- 
lieved, therefore,  to  be  the  factor  most  conducive  to  the  observed  rapid  opening, 
However,  a penalty  is  involved)  As  the  chute  fills,  the  centerline  pulls  the  apex 
Inward  somewhat,  a situation  believed  responsible  for  the  coning  actions  observed 
in  the  system.  (See  paragraph  4,  8,  main  text. ) 

As  a matter  of  interest  the  6511th  T.  S.  added  another  novel  design  feature  to 
the  main  parachute  to  insure  positive  inflation.  Referred  to  as  the  "snood, " it  is 
a protective  Nylon  cap  (see  Figure  C4)  which  keeps  the  folds  of  the  canopy  in  a 
tight,  bunched-up  configuration,  during  the  first  2 sec  of  deployment  when  all  the 
violence  is  occurring  (see  paragraph  3. 3. 3).  A line  surrounding  the  snood  is  then 
out  and  the  folds  are  free  to  open  out.  This  protection  of  the  canopy  material  at 
the  start  of  deployment  is  considered  to  be  a second  key  factor  in  the  history  of 
successful  openings  of  the  ALBS  main  chute  during  the  NPTR  flight  series, 


Figure  C4.  Snood  for  42-ft  Main  Chute 
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4.  BALLOON  EXTRACTION  PROCESS 


4.1  Genual 

With  the  main  chut*  open  (TQ  +15  »ec),  the  system  Is  becoming  stabilised  In 

the  two -chute  configuration  and  the  way  la  now  clear  for  the  next  major  event,  the 

extraction  of  the  balloon  from  Ita  container.  At  T + 18  sec  the  lacea  which  aeal 

0 

that  container  are  cut  and,  at  TQ  + 30  aec,  the  drag  force  of  the  drogue  la  applied 
both  to  the  laces  (to  remove  them)  and  to  the  top  of  the  balloon,  The  discussion 
which  follows  will  describe  the  events  and  cover  the  calculations  Involved  In  the 
balloon  extraction  process. 

4.2  Initial  Condltioni 

When  the  main  parachute  la  inflated,  the  packed  ALBS  balloon  rests  In  Its 
laced  canvas  bag  doughnut  on  top  of  that  chute.  (See  Figure  9a,  main  text. ) The 
200 -ft  line  from  the  drogue  la  connected  to  an  extension  line  which  passes  through 
the  center  of  the  doughnut  and  Is  attached  to  the  apex  ring  of  the  main  chute.  Thus 
the  drogue  chute  Is  supporting  part  of  the  overall  system  load.  The  drag  force  on 
the  drogue  la  382.  69  lb  (1813.  2N)  as  calculated  In  Appendix  B,  Table  B2. 

When  the  balloon  extraction  begins,  the  200-ft  line  Is  disconnected  from  the 
extension  line,  thua  removing  muoh  of  the  system  load  from  the  drogue.  (The 
main  chute  acquires  the  load  shed  by  the  drogue.)  The  drogue  still  has  drag,  how- 
ever, and  It  la  now  used  to  extract  the  balloon  from  Its  container, 

4.8  Contracting  Spring  Effect  Consideration* 

Because  the  drogue  la  under  tension  at  the  start  of  the  balloon  extraction 
process  and  because  that  tension  Is  suddenly  released,  as  was  done  at  the  deploy- 
ment of  the  main  parachute,  the  Impact  of  line  recoil  had  to  be  considered.  An 
analysis  was  performed  to  this  end,  using  Program  P-20  to  solve  the  equations  of 
paragraph  3. 2, 2, 

Unlike  the  main  chute  deployment  situation,  the  suspended  load  In  this  case 
does  not  separate  Into  two  bodies,  one  of  which  falls  freely  for  a time.  Rather, 
the  load  starts  to  come  apart,  with  the  upper  section  rising  away  from  the  lower 
seotlon  to  wntch  it  remains  loosely  attached.  Figure  C5  depicts  the  model  used  In 
the  analysis.  The  components  of  the  ALBS  below  the  apex  of  the  main  canopy  are 
Ignored  In  this  model.  The  system  weight,  Wgygtem,  is  equated  to  the  drag  of  the 
drogue  at  equilibrium,  383  lb  (1815N),  as  oomputed  In  Appendix  B. 

To  start  the  analysis,  It  was  necessary  to  assign  a value  to  the  term  Wg,  the 
weight  of  the  part  of  the  system  accelerated  upward  by  the  recoiling  line.  This 
weight  would  clearly  Include  the  20  lb  (89N)  of  miscellaneous  hardware  near  the 
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Figure  C5.  Weight  Distribution  for  Balloon  Extraction  Event  4b,  Prior  to 
Extraction 
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base  of  the  line,  plus  come  length  of  the  balloon  which  would  alao  be  snatched  up 
from  the  doughnut  during  the  line  recoil.  Using  a trial  and  error  method,  the 
author  arrived  at  a figure  of  43  lb  ( 107N)  as  the  weight  of  the  balloon  component  of 
Wg.  Thta  la  the  weight  of  21.  8 ft  (6,  5 m)  of  balloon,  with  the  balloon  weighing 
200  + 102  or  1.  06  lb/ft  (21.  81  N/m),  Note  that  the  21,  6-ft  length  of  balloon  la  the 
sum  of  parameters  x and  a*  on  Table  C3  whloh  summarizes  the  analysis  data. 

The  value  assigned  to  W(  la,  then,  the  aum  of  the  hardware  weight  (20  lb)  and  the 
balloon  weight  (42  lb),  or  62  lb  (276N). 

From  Table  C3  It  can  be  seen  that  the  time  to  no  tension,  t,  la  approximately 
0. 28  sec,  while  the  total  no -tension  time  (t*  + t"  •)  la  approximately  l.  8 sec. 

Even  though  recoil  Is  Indicated,  there  la  some  question  as  to  whether  It  la 
present  to  the  extent  shown  on  Table  C3.  The  amount  of  initial  loading  on  the 
rugged  drogue  line  (2  piles  of  12,  000  lb  strength  webbing)  la  quite  light  (281  lb) 
and  the  assumption  that  this  webbing  behaves  as  2 In  1 Nylon  (see  paragraph  3.2.2, 
Eq.  (1))  may  not  be  entirely  valid.  Moreover,  part  of  this  recoil  la  believed  to  be 
expended  In  pulling  the  laces  out  of  tha  doughnut  pack  and  in  overcoming  the  friction 
associated  with  snatching  up  21.  6 ft  of  Z-folded  and  colled  balloon  material. 

Despite  the  doubts,  the  author  carried  out  the  balloon  extraction  computation 
using  the  data  from  Table  C3  and  compared  the  results  with  a similar  run  In  which 
the  data  were  not  used.  The  resulting  comparison  showed  that  the  contracting 
spring  effect  La  minimal  in  the  balloon  extraction  process  and  can  be  Ignored. 

Figure  C6  summarizes  the  balloon  extraction  computations  carried  out  without  use 
of  the  contracting  spring  data.  Note  that  the  balloon  la  fully  deployed  In  8 sec, 
which  Is  In  good  agreement  with  data  from  the  NPTR  testa.  (See  paragraph  4.  B, 
main  text.) 

It  Is  Interesting  to  note  on  Table  C3  that  the  data  pertaining  to  the  parameter  y 
do  not  apply  here.  (In  the  main  ohute  extraction,  y was  the  point  at  whloh  tha 
smaller  and  larger  bodies  exchanged  momentum. ) In  this  case  the  rising  body  goes 
to  the  theoretical  distance  above  no  tension  where  Its  voloclty  becomes  zero. 

There  Is  no  exchange  of  momentum,  The  shock  occurs  when  the  body  falls  back 
down  to  the  line  stretch  point  and  Is  less  than  Ig. 
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Table  C3,  ALBS  Contracting  Spring  Data  Summary  for  Balloon  Extraction, 
Event  4b 


Symbol 

Parameter 

Knglleh  Unite 

Metrlo  Unite 

VrWf 

Total  euepanded  wt,  leai  drogue  and  line 

281  Ibf 

1280  N 

-Fmor  -W. 

•82  lbf 

-218  N 

Ay 

Gravitational  oonetant 

32.2  ft/eeo* 

t.  81  m/eeo3 

y„ 

Specified  eeparatlon  dletance 

N/A 

N/A 

or  m 

Small  maia  (-W»/Ay) 

1,  833  aluge 

28. 21  kg 

X 

Stretch  dletance  (.0118  Pk  + 4.  8012) 

8.211  ft 

2.30 

k 

Spring  oonetant  F^/x 

34.  181  Ib/ft 

442  N/m 

t 

Time  to  no-tenaion  point  (n.  t. ) 

. 2188  eec 

.2188  eec 

-V 

v«o 

Initial  aeparation  velocity,  at  time  t 

N/A 

N/A 

V 

Velocity  of  email  maae,  at  time  t 

2B.3B  f/eec 

8. 88  m/aeo 

*vy<L) 

Velocity  of  large  mail,  at  time  t 

N/A 

N/A 

'VL 

Free  fall  dlatance,  at  time  t 

N/A 

N/A 

•y.0 

Initial  eeparatlon  dlatanae  (-y.  -x), 
at  time  t u 

N/A 

N/A 

a1 

Theoretical  max,  dletance  above  n.  t. 

13.  SB  ft 

4.  08  m 

V 

Time  to  a1  (theoretical) 

.Bill  eec 

. 0111  eec 

t + 1* 

Time  from  releaie  to  a1  (theoretical) 

1,  102  eec 

1. 182  eeo 

y 

Max,  actual  dletance  above  n.  t. 

N/A 

N/A 

vy» 

Velocity  of  email  maee  at  y 

N/A 

N/A 

•v.of 

Final  eep.  velocity,  at  y (Ve) 

N/A 

N/A 

t" 

Time  from  no  tr.ialon  to  y 

N/A 

N/A 

» + 1" 

Time  from  releaee  to  y 

N/A 

N/A 

■VF 

Velocity  of  combined  maee  at  t + t" 

N/A 

N/A 

Time  to  eliminate  line  alack 

. Bill  eec 

. Bill  eec 

VT 

Terminal  velocity  of  combined  maee 

N/A 

N/A 

t"  + t’" 

Total  no  tenelon  time 

1.  823  eec 

1.823  eec 

t + t*  + t"1 

Time  to  reapply  full  load 

2. 103  eec 

2. 103  eec 

i 
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Apptndix  D 

Summary  Report,  Alrboma  Cryoganla  Coniuttatton,  Charlei  R.  Ilndt, 
Cryoganla  Dlviilon,  National  Suraau  ot  Standard 


1.  INTRODUCTION  AND  BACKGROUND 

Tho  purpoaa  of  tha  air  launch  balloon  ayatam  (ALBS)  la  to  fill  a balloon  with 
haltum  gaa  whlla  tha  ayatam  la  deacendlng  on  a parachute  at  aoma  altitude.  The 
helium  la  atored  In  the  liquid  atote  In  a cryogenic  unit.  The  principle  of  opera- 
tion of  thla  unit  wae  to  convert  part  of  the  liquid  helium  flowing  from  the  attached 
liquid  helium  dewar  to  high  temperature  gaa.  then  to  mix  thla  high  temperature 
gaa  with  very  cold  gaa  in  the  correct  proportion  to  get  the  dealred  final  gaa  tem- 
perature for  Inflating  the  balloon.  The  hot  gaa  waa  heated  In  a hot  bed  ex- 
changer; the  cold  gaa  waa  converted  from  liquid  by  beat  exchanging  with  ambient 
air.  The  final  configuration  of  the  ayatem  la  to  be  extracted  from  a flying  air- 
craft. A amall  paraahute  extract*  the  ayatem  from  the  aircraft;  the  ayatem  la 
then  allowed  to  free  fall  about  90  m before  a larger  parachute  la  deployed.  The 
email  paraahute  then  extract*  the  balloon  from  a bag  aecured  to  the  canopy  of  the 
large  parachute.  Next,  the  ALBS  oryogentc  unit  provide*  the  helium  gaa  to  fill 
the  balloon.  After  filling  the  balloon,  the  cryogenlo  unit  aeparatca  from  the  reat 
of  the  ayatam  and  deacenda  to  the  ground  on  a three -parachute  clueter.  The  filled 
balloon  aaoenda  to  the  dealred  altitude  carrying  the  large  parachute  and  a payload. 
The  large  parachute  la  later  uaed  to  recover  the  payload. 

The  prototype  ALBS  waa  to  be  carried  to  the  launch  altitude  of  7600  m by  a 
large  ground  launched  balloon.  Thla  method  of  air  launching  the  ayatem  doea  not 
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Impose  high  loads  at  the  launch,  therefore,  the  system  was  designed  to  accomo- 
date  only  those  peak  loads  that  occur  when  the  large  paraohute  opens  after  the 
system  is  released  from  the  carrier  balloon,— Alaa^-ths  syatem-did-ttot-need-to.be 
aerodynamically  clean  nor  oompact  as  would  be  desired  for  a unit  that  was  to  be 
launched  from  a flying  aircraft.  Since  compactness  was  not  required,  two  exist* 
ing  dewars  were  used  as  the  liquid  helium  containers  Instead  of  purchasing  one  new 
vessel.  Using  the  two  dewars  Instead  of  one,  complicated  the  system  plumbing 
but  was  less  expensive  and  time  consuming  than  purchasing  one  new,  especially 
constructed  dewar.  The  two  existing  dewars  weighed  less  than  any  one  available 
dawar  of  the  correct  slse.  The  dewars  each  held  24,  S kg  of  liquid  helium:  with 
five  percent  ullage,  the  dewars  held  a total  of  46.  6 kg  of  liquid  helium,  the  mass 
of  gas  desired  for  filling  the  balloon  at  the  altitude. 

The  two  dewars  were  mounted  one  on  each  side  of  a hot  bed  heat  exchanger. 

This  arrangement  results  in  a balanced  system  weight  about  the  heat  exohanger, 

The  dewars  were  connected  in  series  by  a vacuum  insulated  line,  so  they  emptied 
consecutively,  No  additional  valves  or  controls  wsrs  needed  between  the  dewars. 
Each  dewar  required  modification  since  they  were  designed  to  provide  supercritical 
hydrogen  at  the  discharge.  The  modification  included  the  removal  of  all  of  the  in- 
ternal hardware  and  Installation  of  a new  vaouum  insulated,  liquid  withdrawal  tube 
as  well  as  two  liquid  level  sensors.  Installation  of  the  new  Internal  assembly  ne- 
cessitated a new  seal  in  the  double-walled  titanium  dewar.  Because  the  equipment 
for  welding  the  titanium  vessel  was  not  available,  a filled  epoxy  was  used  in  a 
threaded  joint  to  make  the  low  temperature,  vaouum  tight  seal.  This  joint  was 
successful  as  both  dewars  retained  Insulating  vacuum  through  a number  of  thermal 
cycles  from  ambient  to  liquid  helium  temperature.  Figure  D1  is  a schematic  dia- 
gram of  the  flow  system,  except  It  shows  one  single  dewar  system. 

The  hot  bed  heat  exchanger  contained  73,  4 kg  of  3/8  In.  diameter  aluminum 
oxide  balls.  This  bod  was  designed  to  store  the  heat  required  to  convert  46. 3 kg 
of  liquid  helium  to  gas  at  280  K.  The  design  bed  temperature  was  1006  K with  a 
maximum  operating  limit  of  1080  K.  A 2000  W electrloal  heater  heated  the  bnd, 
and  temperature  was  maintained  with  a thermostat  control.  The  heat  exchanger 
was  Insulated  with  a 6.4  mm  thick  blanket  and  a 57  mm  annulus  of  evacuated  powder. 
The  estimated  heat  loss  of  the  heat  exchanger  at  1005  K was  400  W. 

The  ALBS  used  gas  pressure  to  force  the  liquid  helium  from  the  dewars  through 
the  system  at  a mass  flow  rate  of  0, 16  kg/ sec.  The  helium  gas  used  for  pressur- 
laatlon  was  stored  in  a 0.  011  m3  aluminum  oyllnder  at  32.4  MPa  pressure.  The 
aluminum  cylinder  was  reinforced  with  a glass  fiber,  epoxy  wrap. 

Valves  used  in  the  system  for  controlling  the  liquid  and  gas  flow  were  Indus- 
trial weight,  solenoid  valves  designed  for  eryogenlo  service.  The  valve  used  in 
the  helium  gas  preasurlsatlon  lthe  was  a "flight  weight"  solenoid  valve. 
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H«w  Maul*  ®*Mh 
Figure  Dl.  Schematic  Diagram  of  Proposed  Single -Da war  System 


An  electric  timer  with  awitchea  controlled  the  valve  opening  sequence.  The 
timer  and  the  valvea  were  powered  by  a 34  volt  battery. 

The  system  components  were  mounted  on  an  aluminum  frame  ahown  in  Fig- 
ures D2  and  D3.  This  frame  was  designed  to  support  the  components  under  a 
seven  g load.  To  assure  that  the  frame  was  strong  enough  to  withstand  the  forces 
at  seven  g's,  the  mounting  pads  for  the  dewars  and  the  hot  bed  were  loaded  with 
lead  weights  equivalent  to  the  loads  expected  at  seven  g's.  A small  additional 
dynamic  load  was  then  applied  to  each  pad.  A four  foot  by  eight  foot  by  one -half 
in.  thick  piece  of  plywood  was  attached  to  the  base  of  the  frame  to  provide  a sur- 
face for  installing  several  layers  of  crushable  pad.  The  crushable  pad  was  to 
cushion  the  landing  of  the  cryogenio  unit  as  it  descended  on  the  recovery  para- 
chutes. A small  aluminum  rail  extended  around  each  dewar  to  protect  them  during 
the  ground  launch.  The  cryogenic  system  weighted  314  kg  without  liquid  helium. 

The  ALBS  was  designed  to  operate  independent  of  controls  other  than  a 10  sec 
switch  closure  which  initiated  the  clock  timer.  The  final  sequence  of  system 
events  were  established  as  follows:  The  system  started  functioning  10  sec  after 
the  timer  switch  closure  when  the  dewar  pressurleatlon  valve  opened  and  the 
dewars  were  pressurised  to  338  kPa.  Twelve  sec  later  the  liquid  valve  at  the 
dewar  exit  opened  and  helium  started  flowing  into  the  mixing  area  at  the  base  of 
the  heat  exchanger.  The  secondary  bypass  valve  opened  3 sec  later  to  Incroase 
the  cold  gas  flow.  At  9 soc  after  the  liquid  flow  started,  the  valve  to  the  heat 
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exchanger  opened.  Full  flow  was  established  20  sec  after  the  start  of  liquid  flow; 

170  sec  after  the  start  of  liquid  flow,  the  first  dewar  emptied.  This  resulted  tn 
less  flow  resistance  in  the  liquid  system  and  a higher  liquid  flow  rate.  To  help 
compensate  for  an  unbalance  in  the  flow  split  between  the  heat  exchanger  and  the 
cold  bypass  that  occurred  with  higher  flow  rates,  the  secondary  bypass  flow  was 
terminated.  Even  with  the  closing  of  the  secondary  bypass,  the  flow  rate  increased 
15  to  20  percent  and  this  Increased  flow  rate  continued  until  the  second  dewar 
emptied  at  about  300  sec. 

From  the  mixing  chamber  at  the  base  of  the  hot  bed  heat  exchanger,  the  gas 
flowed  through  a 10-cm  diameter  tube  into  a 2.4  kg  bed  of  3/8  inch  diameter  balls 
of  aluminum  oxide.  This  second  bed  was  not  heated  but  served  to  Increase  the 
mixing  of  the  hot  and  cold  gas  streams  and  to  reduce  the  maximum  temperature 
spike  which  occurred  at  the  opening  of  the  valve  to  the  heat  exchanger.  From  this 
mixing  bed,  the  gas  flowed  into  a 1G.  5-cm  diameter  tube.  This  tube  which  terml- 
nated  at  the  top  of  the  frame  was  the  gas  supply  tube  for  the  balloon. 

All  of  the  flow  paths  from  the  liquid  helium  dewar  contained  replaceable  ori- 
fices which  were  used  to  adjust  the  flow  rates.  Openings  in  these  orifice  plates 
were  sized  during  a test  program  in  which  a number  of  tests  were  oonduoted  to 
establish  the  correct  dewar  pressure  and  flow  rates  to  get  an  average  mass  flow 
rate  of  0.  16  kg/ sec  at  an  average  gas  temperature  of  200  K. 

For  the  final  test  both  dewars  were  cooled  for  24  hr,  then  the  dewars  were 
filled  with  liquid  helium  1 h prior  to  the  run  of  the  system.  One  half-hour  before 
the  run,  the  dewar  vents  were  closed.  The  dewar  pressure  rose  to  75  kFa  before 
the  run  started.  When  the  vents  were  closed,  the  dewars  contained  48.  8 kg  of 
liquid  helium  which  was  about  5 percent  over  the  required  mans.  The  run  lasted 
285  sec.  The  peak  gas  temperature  was  355  K with  the  temperature  remaining 
above  320  K for  leas  than  15  sec.  The  minimum  gas  temperature  was  178  K with 
the  temperature  remaining  below  220  K for  less  than  20  sec.  The  maximum  flow 
rate  was  about  0.2  kg/aec.  The  average  flow  rate  was  0.  185  kg/sec  and  the  aver- 
age discharge  gas  temperature  was  248  K.  The  system  delivered  5 percent  more 
mass  than  requtrod,  but  the  average  gaB  temperature  was  5 percent  low,  Since 
the  larger  than  design  mass  would  nearly  offset  the  loss  of  lift  in  the  balloon  due 
to  the  low  gas  temperature,  the  system  was  accepted  as  ready  for  the  flight  test 
in  this  configuration. 

In  addition  to  building  the  ALBS  wo  built  an  enclosed  superstructure  to  hold 
the  main  parachute,  the  air  launched  balloon,  the  balloon's  payload,  and  the  para- 
chutes for  recovery  of  the  cryogenic  unit.  The  enclosure  of  the  superstructure  was 
88  cm  by  137  cm  by  198  cm  high.  The  frame  of  the  superstructure  had  four  lugs 
at  the  base  for  attaching  it  to  the  cryogenic  unit  with  four  1/2  in.  bolts.  The  super- 
structure frame  carried  clevis  mounts  for  attaching  all  of  the  parachutes,  therefore, 


* 
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It  was  designed  to  carry  the  loads  that  were  generated  when  the  main  parachute 
opened.  At  the  time  the  main  parachute  opened,  the  maximum  expected  load  was 
4920  kg.  Since  the  possibility  existed  that  this  load  could  be  applied  to  just  two  of 
the  four  clevis  mounts  attached  to  the  parachute,  the  frame  was  designed  to  sup- 
port 4920  kg  on  two  of  the  four  parachute  strap  mounts. 

Availability  of  aluminum  tubes  and  an  aluminum  welding  capability  Influenced 
our  decision  to  use  aluminum  tube  construction  with  welded  joints  for  the  super- 
structure frame.  Figures  D4  and  D5  show  the  aluminum  frame.  The  frame  was 
enclosed  at  the  sides  with  l/4  In.  thick  plywood  and  a l/2  In.  thick  plywood  floor 
was  installed.  The  clevis  mounts  for  the  parachute  straps  were  cut  from  alumi- 
num and  were  designed  with  an  Incorporated  clamp  for  clamping  the  mount  to  the 
aluminum  tube  frame.  This  unit  weighed  93  kg. 


Because  the  stresses  In  some  of  the  aluminum  tubes  were  high,  stresses  were 
calculated  using  a simplified  model.  This  analysts  is  presented  in  Section  1. 1. 

The  ALBS  was  taken  to  Truth  or  Consequences,  New  Mexico  for  the  demon- 
stration flight  test.  About  18  hr  prior  to  the  flight  time,  the  dewars  were  cooled 
to  liquid  helium  temperature.  One  dewar  was  filled  to  100  percent  full.  The 
second  dewar  was  filled  to  about  26  percent  full.  Some  difficulty  was  encountered 
during  the  filling  because  of  thermally  induced  pressure  oscillations  whloh  devel- 
oped in  the  vent  system.  Adjustments  in  the  vent  rates  reduced  the  oscillation  to 
an  acceptable  level.  The  dewars  were  completely  filled  with  liquid  helium  about 
2-1/2  hr  prior  to  the  ground  launch.  The  vents  were  closed  at  about  76  min  before 
the  launch.  The  dewar  pressures  rose  to  about  120  kPa  gauge  by  launch  time. 

This  pressure  rise  rate  was  acceptable  if  the  system  was  to  funotlon  within  70  min 
from  the  ground  launch.  The  system  was  lost  during  the  launching  of  the  carrier 
balloon  as  this  balloon  failed  to  ascend  to  altitude. 

1.1  Formula  for  Strea  and  Strain  (Roark1) 

The  maximum  stress  in  the  superstructure  framo  occur*  when  the  large  para- 
chute deploys.  The  total  force  was  estimated  to  be  4930  kg  based  upon  force 
measured  in  an  actual  parachute  test  program.  Assuming  that  this  total  load  may 
be  applied  to  two  of  the  four  support  straps  connecting  the  parachute  to  the  super- 
structure, any  two  of  the  adjacent  clovls  mounts  and  the  tube  between  them  must 
be  designed  to  momentarily  support  this  load.  For  the  stress  analysis,  the  straps 
were  assumed  to  be  175  cm  long.  Since  the  maximum  stress  will  develop  in  the 
longest  member,  the  stress  in  the  142  cm  long  tube  at  the  top  of  the  superstructure 
was  the  only  stress  calculated. 

If  the  clevises  on  the  142  cm  long  tube  are  used  for  attaching  the  large  para- 
chute the  following  force  diagram  applied. 


1.  Roark,  R.J.  (1985)  Formulas  for  Stress  and  Strain,  McGraw-Hill  Book  Co, , 
New  York. 
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where  S Is  the  stress,  m Is  the  maximum  moment,  c la  the  radial  distance  to  the 
extreme  fiber,  and  I Is  the  moment  of  inertia  with  respect  to  the  neutral  axis  or, 

In  this  case,  the  centerline  of  the  tube,  For  the  tubes  used  In  the  frame,  the  max- 
imum stress  la  182  MPa,  All  of  the  stresses  calculated  are  less  than  the  recom- 
mended maximum  stress  using  a 1,  8 safety  factor,  The  1.  8 safety  factor  Is  based 
on  the  yield  stress  of  the  material  and  since  all  of  the  frame  material  is  8081 -T8 
aluminum,  the  yield  stress  Is  241  MPa. 

Several  other  factors  add  to  the  actual  safety  factor,  These  arei  (1)  the  ends 
of  both  beams  considered  are  actually  welded  to  other  members,  so  some  of  the 
load  Is  transmitted  to  other  members  and  (2)  In  this  application,  the  maximum 
assumed  load  la  only  momentary  and,  therefore,  of  such  short  duration  that  yleldLng 
of  the  beam  might  not  ocaur  even  If  the  yield  stress  Is  slightly  exceeded, 
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ALBS  Balloon  MM-AIr  Inflation  Computatloni 


1.  INTRODUCTION 

Notoi  Thta  appendix  haa  been  extracted  (in  oondenaed  form)  from  para  4.  4.  6, 
main  report,  of  a previous  report  AFQL-TR-0196,1  The  numerical  values  uaed 
here  are  baaed  on  the  values  of  Table  8 In  thta  report, 

At  the  end  of  event  4c  on  Table  5,  the  balloon  haa  been  fully  extended  and  la 
taut  (aee  Figure  21  In  the  main  report).  If  we  assume  that  the  unlnflated  balloon 
contrtbutea  no  effective  drag,  the  total  syaterr.  drag  area  la  the  aame  aa  It  was 
before  the  extraction,  1419,31  ft3  (131, 85  m3),  whloh  la  the  aum  of  the  effective 
drag  areaa  of  the  drogue  and  the  main  chute,  (The  balloon  la  treated  here  aa  Just 
an  added  line  between  the  two  ohutea. ) The  drag  force  on  the  drogue  la  then  442  lb 
(1877N),  and  that  on  the  main  chute  la  1347  lb  (669 1 N)  (calculated  per  the  method 
of  Appendix  B). 

When  the  balloon  Inflation  command  la  given,  the  liquid  helium  In  the  cryogenic 
unit  below  the  main  canopy  is  converted  to  the  gaaeoua  state,  warmed  and  trans- 
ferred up  to  the  waiting  balloon.  The  gas  starta  to  flow  almost  Instantaneously, 
but  an  eatlmated  8 min  la  required  for  transfer  of  all  the  gas.  During  this  time  the 
ALBS  array  loses  altitude  steadily,  but  at  a decreasing  rate  of  descent. 

Two  Interesting  and  Interacting  physical  changes  occur  simultaneously  during 
the  Inflation  process,  both  of  which  have  a pronounced  effect  on  the  dynamics  of  the 
event: 

1.  Carten,  A.S.,  Jr,  (1978)  The  Flight  Test  Aspeota  of  the  Air-Launched  Balloon 
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1.1  Th*  Inertia*  In  Buoyancy 

As  th*  helium  enter*  the  balloon  It  adds  buoyancy  (positive  lift),  neutralizing 
some  of  th*  weight  previously  supported  by  the  paraohutes.  A steady  diminution 
of  system  weight  (Wg)  is  apparent  on  Table  El,  which  was  generated  by  Program 
PUB  (see  paragraph  2)  and  which  lists  changes  In  various  system  parameters 
during  the  balloon  Inflation,  Because  Wg  Is  decreasing,  there  In  an  accompanying 
decrease  In  system  descent  velocity.  This  can  be  observed  In  the  column  headed 
V_  on  Table  El.  (Not  all  of  the  deceleration  shown  In  the  V.  column  Is  the  result 
of  the  added  buoyancy.  Some  Is  due  to  increased  system  drag,  as  explained  In  th* 
next  paragraph,  and  to  Increasing  atmospheric  density.) 

1.2  The  Increase  In  System  Drag 

Th*  gas  bubble  formed  at  the  top  of  the  balloon  adds  to  the  total  effective  drag 
area  of  the  system  (CcS0)g.  It  will  be  seen  from  Table  El  that  (CqS0)s  Increases 
during  Inflation  until  the  drogue  Is  cut  away.  At  that  point,  there  Is  a step  decrease 
to  show  the  loss  of  <CDS0)  for  the  drogue.  The  reduced  (CDS0)g  value  then  becomes 
the  starting  point  for  a new  Incrementally  “Increased  system  effective  drag  area, 
the  augmentation  of  which  persists  until  the  balloon  la  fully  tnflated. 

The  Increased  system  drag  area  serves  to  decrease  system  equilibrium  des- 
cent velocity,  V0,  (Aa  noted  above,  additional  deceleration  Is  being  caused  simul- 
taneously by  the  buoyancy  and  atmospheric  density  effects.  Thus,  the  values  of 
column  V0  reflect  the  combined  reductions  In  system  descent  velocity. ) Dynamic 
pressure,  q,  also  decreases,  as  does  the  total  system  drag,  Dg.  (There  Is  a step 
Increase  In  q,  when  the  drogue  la  cut  away,  but  the  decrease  coon  continues. ) 

2.  PROGRAM  P14D 

Table  El  shows  changes  In  many  system  parameters  over  fixed  intervals  of 
height  <200  ft),  The  starting  altitude  Is  23,  200  ft.  The  starting  equilibrium  veloc- 
ity Is  the  system  V„  ut  the  end  of  event  4c. 

Program  P-14B  was  developed  primarily  to  determine  the  time  required  for 
the  system  to  fall  through  each  200-ft  Interval  of  height,  taking  Into  effect  the 

'"program  P-14B  was  originally  developed  by  the  author  for  us*  on  a programmable 
desk  calculator.  That  method  proved  to  be  too  time-consuming,  however,  and  the 
program  was  translated  Into  FORTRAN  by  Mr.  Robert  Vesprlnt  of  Emmanuel 
College. J At  the  same  time  certain  refinements  were  introduced  which  are  Incor- 
porated in  this  appendix. 

2,  Vesprlnl,  R.L., , and  Hagan,  M.  P.  (1077)  Report  on  Atmospheric  Environment 
Interactions  with  Free  and  Tethered  Balloons.  A^dL-tR- 77-oldO.^  Final 
Report" onToi^raot'PlB6a8-7l-C-g05g. 
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decreasing  velocity  dtacuaaed  above.  Incremental  and  cumulative  time  valuea  ao 
determined  are  ahown  under  column*  At  and  EAt  reapectively.  The  balloon  Infla- 
tion ia  aaaumed  to  be  complete  when  the  cumulative  time  value  ta  300  aac  and  the 
dea ignited  amount  of  helium  (aee  next  paragraph)  hac  been  tranaferred,  The 
altitude  aaaociated  with  thla  time  la  the  event  completion  altitude. 
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11  Buoyancy  Computation* 


It  ta  aaaumed  that  the  total  required  quantity  (aee  paragraph  3)  of  helium, 

103. 44  lb  (4SS.  7N)  i*  tranaferred  linearly  with  time  over  300  aeo  (6  min).  On  that 
baala,  the  amount  tranaferred  (AMHe)  during  any  200-ft  Interval  would  bo  a func- 
tion oj  the  time  (At)  required  to  deaoend  that  dlatance.  Whenoe, 

AMHe  « At  . ^yik.  For  example,  during  the  firat  300-ft  Interval  (33,  300  ft  - 
33,  000  ft)  the  amount  of  helium  tranaferred  la  1. 4B  lb  (3.  BBN),  which  ie  the  reault 
of  the  calculation  4. 393  aee  X X 1.  0077,  or  4,  395  aeo  X 0.3441,  where 

0.3441  la  a conatant  tranefer  rate  in  lb/aee  and  1.  0077  (k)  la  an  empirical  correc- 
tion factor  to  account  for  the  fact  that  the  ayatem'a  descent  rat*  ta  alowlng  down. 
The  quantity  1. 48  lb  appeara  aa  the  Initial  value  In  the  EAMHe  column,  which  la  a 
cumulative  record  of  the  amount  of  helium  tranaferred  aa  tha  event  proceed*, 

When  the  incremental  quantity  of  helium  (lb)  la  multiplied  by  the  lift  to  maaa  (L/M 
ratio  (lb  lift  per  lb  of  maaa)  for  helium  at  the  preoaurea  and  temperature*  Involved, 
the  amount  of  buoyancy  gained  per  time  increment  ta  obtained  (aee  note  *).  Cum- 
ulative values  of  buoyanoy  appear  In  the  CAL  oolumn. 


Tha  lift  to  maaa  (L/M)  ratio  playa  a key  role  In  determining  the  amount  of  buoy- 
anoy being  added  to  the  balloon  aa  helium  ta  tranaferred  upward  from  the  cryo- 
genic unit.  ("Maaa"  her*  la  uaed  to  denote  quantity  In  lb.  It  ta  not  used  in  the 
uaual  aenae  that  maaa  equal*  welght/gravitattonal  conatant. ) We  obtain  the  L/M 
ratio  by  dividing  the  specific  lift  of  the  inoomlng  gaaeoua  helium  by  the  denaity  of 
that  helium.  Specific  lift  in  turn,  la  obtained  by  aubtractlng  the  denaity  of  the 
gaaeoua  helium  from  the  denaity  of  the  ambient  air,  Program  14B  calculates  air 
and  helium  denattiea  for  each  300-ft  Interval  of  height,  In  order  to  obtain  a con- 
tinuously upgraded  L/M  ratio,  as  followai 

(a)  Density  la  a function  of  gas  temperature  and  pressure.  Tha  pressure  Is  aa- 
aumed to  be  that  of  the  standard  atmosphere  and  la  generated  from  stored  data. 

The  temperatures  of  the  air  and  helium  are  different  from  standard  atmosphere 
valuea,  however.  The  air  temperature*  choaen  are  those  of  the  WSMR  In  January. 
The  helium  temperature  la  fixed  at  2?0°K,  which  la  typical  of  the  cryogenic  unit 
output. 


(b)  If  w*  let  the  density,  p„,  of  Helium  at  a particular  height  be  equal  to  that  at 
another  height,  p^,  times  fli*  temperature  and  pressure  ratios  showm 


T1  P3 

p3  * ?!  Tj  ' M w*  1*1  be  sea  level  denaity  for  gaaeoua  helium 

(0.01036  lb/ft3)  at  standard  temperature  (288°K)  and  pressure  (1  Atmosphere), 
w*  get  the  relationship!  Eq.  <El)t 
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2.2  Gm  Volume  Computation* 

The  density  of  ell  of  the  helium  In  the  belloon  (a*  opposed  to  that  of  just  the  in- 
coming gas)  Is  now  divided  into  the  EAMHe  value  for  each  200-ft  altitude  Inorement 
to  obtain  the  volume  ooouplod  by  the  gas,  V^.  (See  note  f . ) The  gas  volume  is 
assumed  to  be  that  of  a sphere,  whence  the  diameter,  db,  la  obtained  by  the  rela- 
tionship dgphert  ' 8/»)1/3.  Knowing  the  diameter,  we  can  obtain  the  cross- 

sectional  area  (»da/4)  or  SQ.  This  1s  then  multiplied  by  a value  of  0,  8 (CD  for  the 
bubble)  to  give  us  <CDS0)B‘or  the  effective  drag  area  of  the  balloom  (CdSq)b  in  turn 
augments  the  value  of  (CDS0)g). 


P2 

p-  - 3.0413 
*He  T2 


We  then  solve  for  the  density  of  the  incoming  helium  at  a given  height  interval  by 
use  of  Eq.  (El),  letting  To  > 2A0°K,  and  Po  the  stored  standard  atmosphere  value 
of  pressure  for  that  height,  as  Hated  on  Table  El. 

(o)  We  can  establish  a relationship  for  air  density  similar  to  Eq.  (El)i 


0.07881 

t2 


-p  where  0, 07881  lb/ft3  is  the  sea  level  density  of  air  or 


Pg 

Eq.  <E2),  pa  > 22.038  JL 
Air  1 2 

W#  then  solve  for  air  density  at  a particular  helglit  Interval  by  use  of  Eq.  (E2) 
letting  Tj  and  Pj  be  the  stored  values  for  that  height,  as  shown  on  Table  El, 

^Thwgaa  is  assumed  to  enter  the  balloon  at  a constant  temperature  (in  this  oase 
280  K.  But,  ae  the  system  descends,  adlabatio  heating  of  the  gas  already  In  the 
balloon  oocura,  at  the  rate  of  4°K  per  1000  ft  of  descent  (0.  B°K/200  ft),  (Other 
heat  sources  such  as  radiation  and  conduction  through  the  balloon  film  are  not 
considered. ) Thus,  the  temperature  used  here  to  determine  gas  density  at  a par- 
ticular height  must  be  based  on  both  the  temperature  of  the  incoming  gas  and  that 
of  the  on-board  sdlabatlcally  warmed  gas, 


We  can  solve  for  He  density  by  means  of  Eq.  (El)  above,  using  a stored  value 
of  P2  end  determining  the  value  of  Ta  by  an  appropriate  means. 


LetTa 


EAMHe(To  + 0,  8)  + AMHe  . TH# 

EAMffs  +T5SJH5 


Eq,  (E3) 


where  EAMITe  a Mass  uf  helium  already  in  balloon  at  start  of  this  increment 


AMHe  ■ Helium  added  during  this  increment 
TQ  « Temperature  of  gas  already  in  balloon 
THe  ■ Temperature  of  incoming  gas  (assumed  to  be  260°K  here) 

Then,  solving  for  Tg,  and  knowing  that  volume  « mass/density,  we  determine  the 
volume  of  the  gas  from  the  relationship 


Eq.  (E4)  V 


TOT 
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Anil llaLV*  did  I).  V»Jl 


As  Inflation  procNdi,  ths  expanding  bubble  otussa  ths  balloon  reefing  slstvs 
to  opsn  up  gradually  so  that  slack  matartal  Is  protsotsd.  Because  of  ths  rslattvsly 
low  altitude,  ths  bubble  dlametsr  (dfi)  remains  small,  reaching  a maximum  diameter 
of  only  30  it  (9, 14  m)  at  full  Inflation,  The  volume  of  gas  In  this  bubble,  approxi- 
mately 14, 300  ft3  (40S  m3)  la  leas  than  10  percant  of  the  fully-expanded  volume  at 
float  altitude.  Moreover,  although  the  volume  Is  Increasing  by  virtue  of  added  gas, 
the  rate  of  Increase  Is  slowed  by  the  effect  of  tnoreaaed  atmospheric  density  as  the 
system  descends. 


3.  CUTTING  AWAY  THE  DROGUE)  END  OP  INFLATION 

At  some  point  the  drogue  must  be  cut  away,  both  to  eliminate  unnecessary 
weight  from  the  system  - which  will  rise  to  float  altitude  - and  to  avoid  possible 
entanglement  when  the  drogue  becomes  very  lightly  loaded  and  subject  to  collapse. 
Table  El  Indicates  that  the  drogue  is  cut  away  when  the  buoyant  lift  In  the  balloon 
exceeds  278  lb  (1223N),  which  Is  more  than  enough  to  keep  the  balloon  upright  after 
the  support  furnished  heretofore  by  the  drogue  Is  removed. 

The  Inflation  la  shown  to  bo  complete  when  the  system  has  descended  to 
12028  ft  (3688  m). 

The  balloon  Is  now  ready  to  be  cut  away  from  the  cryogenic  unit  and  rrame  and 
to  ascend  to  float  altitude  with  Its  payload.  Note  that  the  102. 44  lb  (486.  8N)  of 
helium  provides  612. 28  lb  (2723. 3N)  of  lift,  This  is  aqual  to  a free  lift  of  8.  5 per- 
cent, leas  than  the  desired  10  percent.  If  the  temperature  of  the  Incoming  helium 
Is  raised  to  288°K,  ths  free  lift  becomes  8.  B peroent  and  ths  completion  altitude  Is 
12,  040  ft.  (From  a separate  run  of  Program  P-148,  not  Inoluded  in  this  report.) 
Variations  In  air  temperatures  are  also  capable  of  changing  the  free  lift.  Thus, 
Table  El  must  be  considered  simply  as  representative  run,  subject  to  some  varia- 
tion. (As  It  turned  out,  the  cryogenic  unit  prepared  for  the  January  1978  test  had 
somewhat  more  than  102. 44  lb  of  LHs  aboard,  while  the  payload  to  be  taken  to 
altttude  was  888  lb,  rather  than  878.  Free  lift  probably  would  have  been  ample  If 
the  flight  had  taken  place  as  planned. ) 
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Table  El.  ALBS  Balloon  Inflation  Calculations 


H 

LEUNB 

Alt  Hud* 

0 

itmoipMnle  dtntlty  ritlo  (o/p0) 

p 

ttmoiphtrle  pniturt 

L/M 

Uft/Mtii  ritlo 

ritlo 

1b.  llftflb,  jit 

Li 

tin*  dlfftrinttil 

cat 

eumulitlv*  d1ff»r*nt1*1 

v. 

■yittn  tjulllbrluffl  doicint  vtlccUy 

q 

.dyntmlc  prtiiure 

ttw* 

Cumulitlv*  qumtlty  of  H*11u*  tr»mf*rr*d 

ttl 

Cunulttlv*  buoytncy  *dd*d  to  lyitM 

"t 

ovtrill  lyitw  loidlng  on  ptr*chut*i 

»• 

Velum*  of  g*t  bubble 

<■ 

dlimttr  of  git  bubbl* 

(CD*6)l 
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Iffietlv*  drtg  trti  of  g«t  bubbl*  (bolloon) 

"l 

Drtg  of  btlloon 

°D 

Drtg  of  Dregut 

°N 
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MU  1. 
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